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PROCEEDINGS
OF THE

ROYAL PHYSICAL SOCIETY.

SESSION CXXXL

Wednesday, 20th November 1901.—Professor J. Cossak

EwART, M.D., F.E.S., President, in the Chair.

David Hepbukn, Esq., M.D., CM., F.E.S.K, University

Lecturer on Eegional Anatomy, Vice-President, delivered

the following opening address, entitled " Some Morpho-

logical Evidences of the Evolution of Man":

—

Although it is now two years since you were good enough

to give me a place in your list of Vice-Presidents, an oppor-

tunity for publicly expressing my thanks has not hitherto

presented itself; but nevertheless I have not ceased to

regard myself as one of the humblest and least deserving

upon that roll of distinguished men which stretches back for

one hundred and thirty years, and to which in your kindness

you have added my name. Having now reached the com-

mencement of the year which completes my tenure of this

office, I am permitted by the time-honoured custom of the

Society to open the session by delivering an address (from

the Chair). As an occasion for expressing my deep sense

of the honour done to me in my election, the custom could

not well be improved upon : as a reason for delivering an

address, the custom has no doubt the approval of all but the
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occupant of the chair, and speaking for him, I can assure

you that he would willingly see this duty as far off as it

appeared to be when he accepted this honourable office.

However, in order to soothe the regrets and anxieties

attending upon this duty, he is permitted to unburden his

mind in whatsoever manner he may choose.

In casting about for a subject wherewith to occupy this

evening profitably, I have endeavoured to remember that

my hearers are biologists, whose daily experiences bring

them in constant contact with facts which are available as

evidences of Evolution. At the same time, it seemed to me

that it might not be amiss to lay before you some of the

evidences of Man's Evolution which may be gleaned from

the everyday observations of a practical anatomist. It is

no part of my intention to assume the role of special pleader

for any theory of man's appearance upon the earth, or to

attempt to reconstruct either the broken "links" of the

chain of man's so-called " descent," or the scattered branches

of the shattered " tree " of man's " ascent."

Every student of morphology realises that man possesses

certain structural features more or less in common with all

vertebrate animals, but which are specially akin to those

characteristic of Mammalia. No intelligent perception of

these structures is possible unless we recognise that they not

only resemble each other, but are, in fact, homologous struc-

tures, whose apparent differences are due to a natural process

of evolution operating through environment, attitude, and

habit. In this way we obtain different grades or phases in

the evolution of any particular structure or group of struc-

tures. Hence there is a tendency to divide mankind into

the higher and the lower races, on grounds which are prob-

ably more precise morphologically than they are psycho-

logically. At any rate, there is no doubt that the lower

races of men present many structural features which correlate

them more nearly to the lower animals than is the case

among the higher races of men.

In the time at my disposal it is of course impossible to

pass the entire structure of man under critical review for

evidence of evolution, even were it desirable, and I shall
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therefore content myself with references to the more out-

standing facts, arranging them in relation to the systems

in which they occur. Of course, in such an exceedingly

complex and highly specialised organism as man, there are

numberless opportunities for variation, and, as a matter of

fact, variations are of constant occurrence. Therefore the

descriptions in an anatomical text-book are merely state-

ments of average conditions. When a variation is so pro-

nounced as to become an ahnormality , we endeavour to

account for the condition by reference to embryology or to

evolution. I^evertheless there are many conditions of

normal parts which find their most intelligent explanation

in terms of evolution. Further, it is not merely by reference

to rudimentary structures of an historical kind that we find

evidences of an evolutionary process, but the condition of

normal organs is frequently capable of being interpreted as

showing the most advanced forms of their evolution.

I. The Integumentary System.

(a) The Skin,—We are all familiar with the general

characters, structure, and functions of the skin, but it pre-

sents special features which are worthy of attention. The

first of these is found in the palm of the hand and sole of

the foot. In these regions the papillae, which are everywhere

characteristic of the skin, are arranged to form rows separated

by intervening furrows. This arrangement has generally

been associated with the sense of touch. Undoubtedly these

ridges may endow the skin with a certain discriminating

quality, but the fact remains that the skin thus constructed

is not the most sensitive in the body, nor can the mere

question of sensitiveness account for the constancy with

which the sweat-ducts open upon the summits of the ridges

and never in the intervening furrows. Further, in certain

precise areas of the palm and sole, the papillary ridges are

arranged in relation to a definite plan. Thus, while they are

for the most part situated transversely to the long axis of the

palm, sole, and digits, they nevertheless form patterns upon

raised areas which are constant in position, although the
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patterns themselves present infinite variety as regards design.

It seems to me that the sense of touch cannot require papillae

arranged in special patterns upon special areas constant alike

in hand and foot, and that therefore some other explanation

of the presence and importance of papillary ridges is not only

possible but is obligatory.

If we examine the raised areas upon which papillary

ridges assume the form of patterns, we shall find that they

occur on the palmar or plantar aspects of the terminal

phalanges of the digits ; on the ball of the thumb and ball of

the little finger, and on positions which correspond thereto

in the sole of the foot ; on three small elevations which are

situated close to the clefts between the four fingers and four

outer toes. It must be evident to every zoologist that the

elevations just enumerated correspond to the '' pads " in the

feet of five-toed mammals. Therefore I hold that these

" pattern-areas " are merely modified " pads,'' whose shape

and prominence have become reduced, and that the par-

ticular " patterns " are merely accidental concomitants of the

arrangement of rows of papillae upon a surface which was

originally a projecting point capable of enlarging during

growth into the form of a modified hemispherical dome.

The occurrence of papillae arranged in rows forming ridges,

whether in the transverse direction or disposed so as to form

patterns, requires further explanation. To fully appreciate

the value and importance of this arrangement, it is necessary

to keep in mind the constancy with which the mouths of

the sweat-ducts open upon the summits of the ridges. It

cannot be that this remarkable association is called for

merely as an aid to the sense of touch, for it does not occur

elsewhere on the skin, not even in its most sensitive parts.

Moreover, except on the " pad " areas, the ridges are in the

main arranged transversely to the long axis of the palm, sole,

and digits. They follow the same general plan on the hands

and feet of Quadrumana, and on the ventral aspect of the

tails of those of them whose tails are prehensile.

Further, among Quadrumana, the ridges, with their inter-

vening furrows, are more distinct than in man, and the

patterns where they occur are simpler and present less
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variety of design, because there is a greater similarity in the

form of the " pads " upon which they appear.

For such reasons I regard papillary ridges as aids to

prehension, and the arrangement of the sweat-ducts as

adaptations to that moist condition which is an additional

aid to a secure grip.

From the observations which I have been able to make,

I am satisfied that the papillary ridges on the hand of the

negro more closely resemble those of the apes as regards

size and arrangement than do those of higher races. My
contention therefore is, that in this arrangement of the skin

of the palms and soles, we have an illustration of the per-

sistence of a structural element long after its functional or

prehensile value has become greatly subordinated. We
have only, however, to examine the hands and feet of a

newly-born infant, to assure ourselves that at the time of

birth the possibility of a much greater degree of prehension

is present in the hands and feet of civilised races.

(b) The Hair.—The presence of hair is another feature

characteristic of the skin over most of the body. Hair may

be studied in regard to its structure, shape, and distribution.

For my present purpose I shall content myself by dealing

with its shape and distribution, two factors which I believe

to be intimately associated with its function. As you are

aware, hair not only varies in colour, but it presents marked

differences in transverse section both among different animals

and among different races of men. Much information is still

required with regard to the exact characters of human hair

seen in transverse section. However, we know that hair

may be cylindrical, and thus present a circular outline when

cut transversely ; or, again, it may be of varying degrees of

flatness, and so present different degrees of oval in transverse

section, while the transverse section of some hairs yields

a kidney-shaped outline.

^ Various explanations have been offered to account for

these appearances. Professor Arthur Thomson, of Oxford,

considers that the shape of the hair results from the shape

of the follicle in which it grows, but clearly this explanation

does not account for the variation in the shape of the hair



Q Proceedings of the Royal Physical Society.

follicles. My own opinion is that we must turn to the

consideration of the functions or purposes served by hair

in order to obtain a sufficiently satisfactory reason for its

shape under different conditions. Being a poor conductor

of heat, it will serve as a protection both against cold and

extreme heat. In most animals, it also serves as a more

or less satisfactory coat for shedding off rain ; and further,

it takes an important place as an adornment in connection

with sexual selection.

It seems to me that the shape of the hair should be associ-

ated with its function of shedding off water from the body.

In the general disposition of hair over the body of an animal,

we find that it has a trend which, taken in conjunction with

the normal attitude of the animal, admirably adapts it for

this purpose. Moreover, in such an animal as the seal, the

hairs are so flat that they really become miniature slates,

which offer no resistance to the progress of the animal

through the water, while they are thoroughly adapted for

throwing off water. Further, the hair of one of the lowest

of the aboriginal races, viz., the Australian, is decidedly a

flattened oval, while among civilised races it is cylindrical.

Although I am not able to adduce much direct evidence in

support of the statement, yet I am of opinion that the shape

of the hair should be primarily associated with climatic

conditions, and, as regards animals, also with their rate of

progress through the air or water.

The distribution of hair upon the body is also of extreme

interest, and may be correlated with such functions as the

maintenance of warmth, and its protective influence against

great sun-heat. For these reasons we may attribute its

presence upon the scalp to its influence in protecting the

brain from direct exposure to the light and heat of the

sun.

The general reduction and apparent disappearance of hair

from the body of man, may very well be due either to the

wearing of clothing, or else to the absence of the need for

such clothing ; for although hair seems to have so entirely

disappeared from man's body, yet it is only in a few places

that it has been entirely lost, e.g., palms and soles, upper
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eyelids, and skin of penis, in which regions it is likewise

wanting among the apes, probably in association with im-

proved prehension, vision, etc.

No doubt a certain amount of sexual selection must be

associated with hair, but, from every point of view, it is

difficult to account for the presence of the axillary and

pubic growth of hair. Mammals generally are devoid of

these particular patches of hair, and as their appearance in

man is synchronous with the attainment of puberty, one is

almost entitled to regard them as sexual manifestations.

Eeasoning from the fact that during infancy, and especially

during flight from danger, the young ape clings by means

of its hands and feet to the hairy chest and abdomen of its

parents, Dr Lewis Kobinson considers that the axillary and

pubic patches of hair of the human subject, appearing as

they do coincident with the stage of puberty, may be evolu-

tionary remnants of the hair which subserved the function

of providing a secure hold for the young anthropoid.

11. The Muscular System.

For a considerable time a muscle has been regarded as the

" end-organ " of a particular nerve, by means of which the

muscle is connected to the central nervous system. It may

be that more than one muscle is thus supplied from a nerve

trunk, but this is merely regarded as the result of the

segmentation of an original muscle-mass, every subdivision

of which retains the requisite amount of the original and

permanent nerve trunk. The muscle and its nerve being

inseparable portions of one organ, it naturally follows that

in all endeavours to establish the homologies of muscles,

their nerve-supply becomes of paramount importance.

Viewed from this standpoint, the muscular system of man
presents many evidences of a process of evolution whereby

muscles have not only adapted themselves to new conditions

by considerable changes in general attachments and position,

but also by reduction of their numbers, although some

observers have maintained that the tendency is towards

an increase, and not towards a reduction in numbers.

Many important muscular evolutions are to be found in
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the lower limb, resulting from the assumption of the erect

attitude, and the habit of walking without the assistance of

the upper limbs.

For example, in the human foot, in which the function

of prehension is entirely subordinated to those of support

and locomotion, there has been a transference of the longi-

tudinal axis from the middle toe to the second toe, which

has now become the chief longitudinal axis of the foot.

The great toe is no longer adapted for grasping, but has

assumed the position of utmost importance in the act of

locomotion. Coincident with this transference of stability

to the inner border of the foot, there has been a steady

structural retrogression on the part of the little toe. One

very rarely finds this digit provided with its complete

structural equipment, and it is almost invariably deficient

in some tendon (while it may even be found minus one

of its joints). I do not think that this decadence ought

to be merely associated with long generations of impeded

and restricted movements due to foot-wear, for, although we

have not the necessary information as regards the feet of

primitive races, yet, in all classic statuary—the models for

which were certainly not addicted to the wearing of boots

—

the little toe is constantly portrayed with the same un-

important and rudimentary features which it presents in the

modern foot. There is really an underlying truth in the

irony which represents the little toe as

—

" Of every function shorn,

Save to act as basis for a corn."

But while the little toe has been dwindling, the great toe

has been increasing in its importance under exactly similar

conditions of apparent restriction, until it is very common,

if not usual, to find it the longest as well as the strongest

of the toes. That this was not always the case may be seen

by again examining classic statuary, in which the second toe

is invariably depicted as the longest toe. Modern sculptors

and painters constantly accept and imitate the proportions

of their ancient predecessors, who, without doubt, were not

idealising, but copying the feet of their models, in whom
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there was a closer approximation to the proportions of the

anthropoid foot than is found among modern feet.

The muscular arrangements in the anthropoid foot very

closely resemble those of the hand, in which the disposition

of the abductor or dorsal interosseous stratum of muscles

enables us to fix the third digit as the middle line of both

hand and foot. In the foot of man, the second toe now

provides the plane of the middle line, and in the foot of the

gorilla the transition stage may be seen.

Again, the act of walking erect has necessitated a control

of the movements of the foot, of a kind quite different from

that required by the shuffling gait of the ape, and the outer

border of the foot is supported by a muscular arrangement

which is peculiar to man's foot. This is i\iQ peroneus tertius

muscle, which, from its nerve-supply, is regarded as a special

development of the long extensor muscle of the toes. On

the dorsum of the foot there is another muscle of much

evolutionary importance, viz., the extensor hrevis digitorum.

In man, this muscle has entirely lost all association with the

extensor aspect of the fibula, but in some departments of the

animal kingdom its entire origin is situated upon the fibula.

The transition stages between these two extreme conditions

have been fully observed, and we may, therefore, regard the

human position of this muscle as an adaptation to the

requirements of the erect attitude.

Another direct evolution of the erect attitude is to be

found in the massive character of the gastrocnemius and

soleus muscles of the calf of the leg. Among the lower

human races and apes these muscles are not prominent,

partly because of their walking gait, and partly because

of the greater backward projection of the heel-bone (os

calcis).

The muscles of the thigh and buttocks present several

interesting evolutions. The Hamstring or Flexor group is

well developed, but it has been reduced in number through

the inclusion of an important member with the adductor

magnus, in which it is described as the ischial head. The

lower end of this muscle (ischial head of adductor magnus)

has, moreover, lost its tibial attachment, and become associated
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with the so-called adductor tubercle of the inner condyle of

the femur, while the continuation of the original tendon now
plays the part of the internal lateral ligament of the knee-

joint. On the other hand, the Adductor group has become

likewise reduced in numbers, as well as considerably modi-

fied in its attachments. Thus, in man an adductor minimus

muscle distinct from the adductor magnus is rare. It is also

extremely rare to find the adductor magnus inserted into the

popliteal surface of the femur, whereas among apes, e.g., the

chimpanzee, this area of the femur is not devoid of a clothing

of muscle, but is covered by the adductor magnus close down

to the posterior ligament of the knee-joint. In the popliteal

space, the persistence of the obturator nerve, which supplies

this part of the adductor magnus muscle, and its occasional

association as an articular nerve for the knee-joint, indicates

that, while the muscle has receded, the nerve has persisted in

its original position. It is highly probable that the convexity,

which very occasionally characterises the popliteal surface of

the femur of man, may be due to such a reverted condition

of the adductor magnus muscle. The Extensor group of

thigh muscles presents certain most pronounced evolutions.

Two of its members, viz., the vastus externus and vastus

internus, are believed to be responsible for the production of

that essentially human feature, the linea aspera. This feature

is not, in the correct sense of the term, a line, but rather a

narrow raised area, of the nature of a flattened ridge, project-

ing backwards from the shaft of the femur, particularly in its

middle third. Manouvrier has named this ridge t\i.Q pilastre,

and this name admits of comparison being made between this

area in men and other mammals. It is only in man that it

assumes the form of a narrow, almost linear, area ; in other

mammals it forms a surface of considerable width, without

any attempt at the formation of a crest projecting backwards.

The vasti muscles are believed to produce this crest through

their action in connection with the extension of the knee-

joint in the act of walking erect, or it may be in connection

with raising the body from the squatting attitude, since the

linea aspera finds its most exaggerated development among

the aboriginal Australians, and nut among modern civilised
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races. The action of these muscles is supposed to tell upon

the femoral shaft much in the same way as the temporal

muscles affect the formation of a longitudinal ridge upon the

cranium of a dog.

In the buttock, the great size of the ghdeus maximus

muscle is a concomitant of the erect attitude, and, moreover,

this muscle is regarded as the chief cause of that peculiar

flattening of the upper third of the femoral shaft to which

Turner was the first to direct attention, and to which

Manouvrier gave the name of platymerie, a condition

which is most characteristio of the femora of the Maoris.

Apart from this condition, however, the inclusion and fusion

of the agitator caudm muscle with the gluteus maximus—

a

condition which is indicated in the course followed by cer-

tain cutaneous nerves through the lower part of the gluteus

maximus—may be regarded as a direct proof of an evolu-

tionary process. Of similar interest and value is the absence

of the scansorius muscle from the human buttock, since this

muscle is intimately connected with the movements of the

thigh in climbing.

In the upper limb, many muscles provide evidence of

evolution, either in the repetition of historic forms, or in the

appearance of characters which are progressive. Among the

group of muscles by which the upper limb is attached to the

trunk, outstanding variations are not very common, and they

have apparently acquired a fair degree of stability. Occa-

sionally, however, the insertion of the pectoralis minor is

carried beyond the coracoid process of the scapula to the

upper part of the humerus, which, in some animals, is its

normal attachment. For this reason, the coraco-humeral

ligament of the shoulder-joint is believed to represent the

detached and isolated portion of the original tendon of in-

sertion.

The coraco-hrachialis muscle, which attaches the humerus

to the scapula, is one of very great interest. The type of this

muscle in mammals is one whose coracoid attachment is

single, but whose humeral or brachial end presents three

separate and distinct insertions into the humerus, viz., (1)

into the humeral shaft above the tendon of the teres major;
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(2) into the middle of the humeral shaft below the teres

major; (3) into the internal condyle of the humerus. Ac-

cordingly, these parts are distinguished from each other as

G, hrevis, C. medius, C. longus. The path of the musculo-

cutaneous nerve downwards into the arm is between the G.

medius and the G. longus. Now, it occasionally happens that

all these parts are found in the human arm, and this year I

have seen them all present and well developed in the two

arms of the same subject ; but in man the common arrange-

ment is for G. hrevis to be entirely absent, while G. longus

has retreated from the internal condyle, and has taken a

fresh attachment to the internal supracondyloid septum and

the humeral shaft close against the G. medius. As a result,

a single muscle is produced, through which the musculo-

cutaneous nerve passes, and this is described as the normal

condition in man. We have here, therefore, not only a good

example of muscular evolution, but also a case of reduction

in the number of muscles.

In the forearm and hand, the special development of the

prehensile function, and of the precise co-ordinated move-

ments of the digits, afford frequent opportunity for the pro-

gressive evolution of the muscles concerned. Two of these,

viz., the brachialis aiiticus and the siqnnator longus radii,

which lie close to each other above the elbow-joint, are

interesting in connection with the importance of nerve

supply, as a guide to correct homology. Each of these

muscles is primarily a flexor of the forearm. The former is

innervated from the musculo-cutaneous nerve, and is inserted

into the coronoid process of the ulna ; the latter is innervated

from the musculo-spiral nerve, and is inserted into the base

of the styloid process of the radius. By a transference of a

portion of the supinator muscle to, and its insertion with,

the hrachialis anticus muscle into the coronoid process of the

ulna, the latter is augmented and its flexor action increased,

and so constant is this condition that the hrachialis anticus

of man is always described as possessing two nerves of

supply, viz., the musculo-cutaneous and the musculo-spiral.

An interesting form of progressive evolution is found in the

supinator radii hrevis muscle. Among anthropoid apes this
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muscle is thin and comparatively feeble, and the posterior

interosseus nerve passes from the front of the arm to the

back of the forearm lying exposed upon the surface of the

muscle. In man the same muscle is of much greater strength

and importance, and it has acquired an extended surface of

origin by utilising its investing fascia for this purpose, with

the result that the posterior-interosseous nerve is no longer

found upon the free surface, but is buried in the substance of

the muscle in its passage from the front to the back of the

limb. Further evidence of a similar kind is found in con-

nection with all the muscles of the human thumb. Its long

flexors and extensors have attained a completeness and a

proportion not seen in any of the apes.

In the hand, the same may be said of the adductor pollicis

muscle, whose magnitude and complexity entirely surpass

those of the corresponding muscle among apes. Simul-

taneous with this gain as regards the thumb, there has been

a corresponding loss as regards the other digits, for while

among apes there are also adductor muscles (often called

Contrahentes) for the index, ring, and little fingers, which

are probably of value in certain movements of the hand

associated with its function of acting as a support for the

body by resting upon the knuckles, these adductors have

entirely disappeared from the human hand, in view of the

entire freedom of digital movement resulting from its libera-

tion from the function of supporting the weight of the body

in the act of walking, and the increasing importance of the

thumb. Concurrently with the growth of the adductor

pollicis there has been a dwindling of the interosseous primus

volaris, which is not unfrequently almost entirely absent.

In the face and neck the imperfect sheet of muscle which

is concerned in the general question of facial expression, pre-

sents evidence of a former much more extensive distribution

in the possession of a motor nerve-supply to all appearance

greatly in excess of its apparent needs. This is more especially

visible in connection with the muscles which are intended for

the movements of the pinna, and with the platysma myoides

in the neck. Similarly, it is difficult to see the association of

the stylo-hyoid and the digastric (posterior belly) muscles with
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the question of Expression, and yet, according to their nerve-

supply, that is their original position.

As regards those muscles concerned in Mastication, Deglu-

tition, and the movements of the Eyeball, very few variations

of a kind to suggest the method of their evolution are found.

A similar statement may be made regarding the muscles of

the trunk, although, in the case of the rectus abdominis, the

tendinous intersections (linese transversae), which are its con-

stant characteristic, are believed to represent those abdominal

ribs which are an unfailing feature of the crocodile.

The entire absence of the pannicuhts carnosus muscle from

the trunk of man's body is a feature which, it seems to me,

has not received sufficient attention, from, as I take it, an

imperfect appreciation of the function of this important

sheet of muscle. That this muscle enables an animal to

perform twitching movements of its skin appears clear

enough, but this explanation is not sufficient to account for

its complete development among Cetacea and other marine

mammals, whose ability to twitch a blubber-distended skin

must be feeble, as well as of doubtful necessity. So far as I

am aware, this muscle is found among all mammals, with the

exception of the Anthropoid Apes and Man. In the latter

groups, their departure from the horizontal attitude common

to mammals requires to be taken into account, and I am
strongly of opinion that the chief function of the panniculm

carnosus is that of an Expiratory muscle, and that its dis-

appearance is coincident with the changed attitude which

enables the weight of the chest wall, together with that of

'the superimposed anterior, or upper limbs, to mechanically

replace the expulsive power of the muscular sheet.

Such variations as are shown by the vascular and visceral

contents of the trunk are referable to embryonic conditions

which stereotype certain forms of the historic development

common to all Vertebrata lower in the scale than the one

which may be under consideration, and a discussion of these

evidences would be too wide for my present purpose.

Associated with the abdominal viscera, however, there is

one pair of muscles, viz., the levatores ani, which require

special notice from the part they perform in relation to the
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erect attitude. These muscles are situated within the pelvis,

and in mammals generally, they play the part of retractors

of the lower end of the bowel. In man, on the other hand,

they serve chiefly to form a muscular floor for the pelvis in

association with the erect attitude; and, as a result, some
part, at least, in the production of his prominent ischial

spine may be credited to the levator ani muscle.

III. The Osseous and Articulatory Systems.

In the vertebral column, variations affecting the number
of vertebrae are not frequent, nor are structural deviations

common. Such as do occur mostly pertain to imperfections

in the process of ossification. These are of more frequent

appearance among lower than among higher races, and, again,

more frequent among lower animals than among men. It is

quite evident that the erect attitude depends upon the

stability of the vertebral column.

The production of a sacrum through the fusion of a certain

number of vertebrae is of immense interest. At first sight it

does not appear clear why the hind limbs of a horizontal

animal should require this kind of attachment, and not the

fore limbs, although in all probability the mechanism of

respiration acts more freely in association with articulated,

rather than with fused vertebrae. At any rate, the position

of the sacrum, the number of bones which enter into its

formation, and its ligamentous connections with the inno-

minate bones, are all characteristic, and indicative of evolu-

tion in the human subject.

The variations in its dimensions are sufficiently marked to

establish not only a race-character for this bone, but to cor-

relate the sacrum of lower races with that of lower animals.

As regards man, the assumption of the erect attitude has

led to important evolutions of its ligamentous connections.

Thus, at the upper end of the sacrum the ligaments of the

vertebral column are prolonged, so as to enable the super-

incumbent weight to be carried by the sacrum without fear

of slipping off. On the posterior aspect of the sacrum, very

powerful ligaments attach it to the ilium, so that in reality
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the vertebral column and the attached sacrum are swung
between the two iliac bones. Of course these ligaments

possess an importance and a strength not found among
animals whose gait is horizontal. By far the most interest-

ing of the sacral ligaments, however, are those which connect

the hinder end of the sacrum and the coccyx with the

ischium—the great and small sacro-sciatic ligaments. Their

function is to act as " stays," preventing the front end of the

sacrum from being borne downwards by the weight which it

carries. Accordingly they are highly developed in man,

since the entire weight of his trunk and upper limbs is

placed upon the front end of his sacrum. Not only are they

of great strength in man, but their attachments have ex-

tended backwards, until the coccyx has become included

between them, with the result that the agitator caudce

muscle is no longer able to effect the purpose expressed in

its name, and accordingly it has fused with the gluteus

maximus. Further, it is to the smaller of the two sacro-

sciatic ligaments that the spine of the ischium is mainly

due. Although it is very difficult, if not practically impos-

sible, to record the exact length of the ischial spine, yet it is

a most characteristic human feature.

Again, if the necessary data were available, it would be

found that the length of these ligaments—in other words,

the distance between the sacrum and ischium—steadily

diminished in passiug from the horizontal to the erect

attitude. The record of the shortest distance between the

tuberosity of the ischium and the lower end of the sacrum

would afford a valuable addition to pelvic measurements

in relation to the question of race. In proportion as this

distance diminishes, so the outlet of the pelvis is reduced,

and the difficulty of Labour therefore increases, solely on

account of the assumption of the erect attitude.

The bones of the extremities present numerous evidences

of their evolution from forms characteristic of lower animals.

In the case of each bone, its racial character correlates the

higher and more civilised races with the lower and more

primitive, while the latter, in their turn, are correlated to

the anthropoid apes, and, through them, with still lower
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animals. lu fact, the study of Anthropometry is the study

of an evolution from lower to higher forms. While this is

the case as regards the mere linear proportions of bones,

other characters less easily recorded may be seen. Some of

these indicate the introduction of features peculiar to man

;

while others, again, occur but rarely, and are spoken of as

" rudiments," because they repeat historical conditions which,

although characteristic of lower animals, have ceased to be

constant or normal features in man. A few examples of

these two kinds of evidence may now be given.

Upper Limb

—

Humerus.—The occasional appearance of a

supra-trochlear process upon the shaft of the humerus, and

its significance, are now so well known through the writings

of the late Sir John Struthers and those of Sir Wm. Turner,

K.C.B., that it may be regarded as a classic historic rudi-

ment.

Of equally great importance, but not so much studied be-

cause of difficulties connected with the means of recording

it, is the position of the head of the humerus in relation to

its shaft.

At first sight it appears as if the head of the humerus

were attached to the shaft through the intervention of an

extremely short neck. If, however, a section be made, it is

found that the neck is prolonged into the head as a conical

projection, and that the part described as the neck is merely

the exposed portion of this segment. The head is placed

upon the neck, so that its major axis makes an angle with

the transverse diameter of the trochlear end of the humerus.

This is called the angle of torsion. Among the lower animals

the articular surface of the humeral head is turned in the

same direction as the olecranon fossa, and hence the

torsion represents an angle of 90°. With the freeing of the

upper limbs from purposes of locomotion, as in the anthro-

poids and man, there has arisen a gradual diminution of the

angle of torsion, until among Europeans the major axis of

the humeral head is almost parallel to the corresponding

axis of the condylar end. There seems no reason to doubt

that we have here a race-character of considerable value.

The relative proportions between the humerus and radius,

VOL. XV. B



18 Proceedings of the Royal Physical Society.

as expressed in Anthropometry by the hicmero-radial index^

provide us with another race-character indicating a definite

evolution from the lower to the higher forms.

In its normal state the carpus of man no longer presents

more than eight bones, for the os centrale of apes is an

exceedingly rare occurrence in man, although nearly all the

normal carpal bones have been found represented by two

portions.

Turning to the bones of the lower limb, we find numerous

evidences of evolution. In the femur, its head shows clearly,

from the disposition of its articular surface, the nature of the

prevalent attitude and the amount of permanent erectness

attained in the attitude of the individual.

The powerful ligamentum teres, whose absence is not

associated with any special loss of usefulness in the lower

limb, is regarded as the rudimentary remnant of the ambiens

muscle of birds.

Upon the shaft, various characters express both rudi-

mentary as well as progressive forms of evolution. Thus

the occasional appearance of a third trochanter in connec-

tion with the gluteal ridge repeats a condition which is a

constant feature of the femur of certain mammals. The

posterior crest—the linea aspera—is an instance of progres-

sive evolution. The ridge so named is quite a human

characteristic, which apparently results from the action of

the two vasti muscles in association with their action in the

erect attitude. This narrow linea aspera is in reality a

narrow surface for which the French term "pilastre" is pre-

ferable. As a surface, it appears upon all mammalian

femora, but not until we reach man does this surface be-

come a narrow projecting crest, suggesting its name of linea

aspera.

The now classic Trinil femur presented a condition of the

femoral shaft below the linea aspera, i.e., in its popliteal

region, which is only very rarely seen in man, and then only

in association with the femora of the lower races. In this

region, which is bounded laterally by the downward exten-

sion of the lips of the linea aspera, so as to include between

them nearly the entire width of the shaft, the surface so
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bounded is either concave or flat, but occasionally it pre-

sents a varying degree of convexity. In the Trinil femur

this convexity was so pronounced as to give the shaft almost

a cylindrical outline. Such a condition is certainly very

rare among human femora, although it does undoubtedly

occur among those of lower races, and is to be regarded as

an anthropoid rather than a human character.

In connection with the condyles of the femur and the

knee-joint, into the formation of which they enter, there are

again distinct evidences of their evolution, for they still sub-

serve the functions of support and locomotion, although in

association with a changed attitude.

Originally the knee-joint presented three joint cavities,

viz., a femoro-patellar and two femoro-tibial. In man's

knee-joint, the ligamentum mucosum and the ligamenta

alaria of the synovial membrane, with the crucial liga-

ments, provide the remains of the structures which effected

this subdivision. But even the condyles of the femur retain

traces of this subdivision of the joint, viz., in man the lateral

borders of the two condylar articular surfaces always present

slight indentations or notches, which indicate the original

limitations between them and the patellar surface of the

condyles. Upon some bones these indentations become

quite distinct notches, and practically all femora (notwith-

standing the continuity between the patellar and tibial por-

tions of the articular surface) present a faint ridge upon the

articular cartilage, in place of the original non-articular area

of separation. It need scarcely be said that among apes

these indications of primitive conditions are much more

definite than in man.

A further evidence of evolution is to be seen in the exten-

sion of the condylar articular surfaces upon the adjacent

popliteal surface. This is a character of the femur in certain

squatting races, and has generally been attributed to the

hereditary transmission of an acquired character ; but

Dr Waterston has shown that this femoral character is a

constant feature among all foetal European femora, and it

must therefore be regarded as a character which occasionally

persists in the adult stage rather than one which is acquired.
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The same statement holds good with regard to such con-

ditions as the retroversion of the head of the tibia; the

lateral flattening of the tibial shaft, termed platycknemia

;

and the extension of its inferior articular surface to the

front of the lower part of the bone.

Again, comparisons between the relative lengths of femur

and tibia, of femur with humerus, and of humerus plus radius

with femur plus tibia, all provide evidence of a gradual

process of evolution. If these comparisons be carried out

with foetal bones belonging to the higher races, the correla-

tion of the human with the anthropoid form, and the evidence

of evolution, become still more pronounced.

In the foot (probably from the scarcity of material upon

which to make observations) the number of variations which

indicate evolution is not so great as might be expected.

Compared with the foot of the ape, man's foot has become

perfected for support and locomotion at the expense of its

prehensile power. The result has been a transference of the

line of stability inwards to the great toe, and a closing up of

the gap between the great and second toes, until, as already

indicated, the great toe attains its most advanced develop-

ment when it is the longest of the pedal digits. In spite of

the restriction of its movements necessitated by this position,

the grooves in the skin of the new-born infant's foot show that,

at birth, the great toe is still capable of performing in a re-

stricted way the movements peculiar to the anthropoid form.

The little toe, in connection with its general feebleness,

nearly always presents defective phalanges, and it is quite

common to find the last interphalangeal joint obliterated

owing to anchylosis.

The angle formed by the leg and foot is less acute in man
owing to his erect attitude, and as a consequence the presence

of articular facets upon the upper surface of the neck of the

astragalus is rare so far as the adult is concerned. When
they do appear, they are usually associated with the

** squatting" habit, and, as has already been indicated, they

have been supposed to present an illustration of the here-

ditary transmission of an acquired peculiarity, an idea which

is now regarded as erroneous.
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The SKULL is crowded with features which may be inter-

preted as evidences of a process of evolution. In their

analysis it is advisable to distinguish those which may be

regarded as directly influenced by the growth of the brain

from those which are indirectly due to this cause.

1st. Indirectly due to brain growth:

—

The face forms a part of the skull whose proportions are

not directly due to the size and proportions of the brain, and

as the same may be said of the faces of all mammals, it forms

an excellent region in which to study evolutionary processes.

Different opinions have been held regarding the upper

boundary of the face. Some observers include the region of

the forehead, while others take the eyebrows as the upper

limit. There is general agreement in regarding the point of

the chin as the lower limit, and the external auditory meatus

as the hinder limit. The region so defined is largely con-

cerned in providing accommodation for the organs of sight,

smell, and mastication ; but, in so far as the jaws serve the

purpose of an organ of prehension, this function may be

associated with the face. The general proportions of the

face, viz., its width and its height, may be regarded as

dependent upon the functions of the jaws, and, therefore,

width predominates over height in the faces of lower animals.

Similarly, in the case of the lower races of men, wide, low

faces are found, whereas among the higher races narrow,

high faces are characteristic.

Again, the amount of forward projection of the jaws

(prognathism), which is a marked facial character among

animals, is also a noteworthy feature among the lower races

of men, and steadily becomes diminished as we advance to

higher races. Prognathism is a feature which is calculated

upon the upper jaw, but it is remarkable that while this jaw

has steadily receded in man, the lower jaw or mandible has

steadily increased in the prominence of its chin. Among
lower animals there is practically no chin, on account of the

sudden backward slope of the symphysis menti. Among the

human race, again, a chin is always a definite feature. It

does not, however, always present the same amount of pro-

minence. I am not aware that any effort has been made to
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record the amount of this variation, but it ought to provide

very interesting figures. One might measure the distance

from the condyle of the mandible {a) to the alveolar border

between the incisor teeth and (b) to the lowest point of the

symphysis menti. Then, by presenting a percentage com-

parison between these two measurements, on the assumption

that the condylo-alveolar distance equals 100, we could indi-

cate the amount of chin projection as follows :

—

Condylo-mental diameter X 100 ^ , ^ ,. . ^.—^ , ,
—

-. , ^, 7 = Index of chin proiection.
Condylo-alveolar diameter ^

I have applied this formula to the lower jaws of a number

of typical mammals with very striking results, but I have

not had the opportunity of determining whether there be a

racial character in this facial feature.

Another important character which appears to be increasing

in frequency is the shortening of the alveolar borders of the

upper and lower jaws, in consequence of which we see jaws

unable to provide sufficient space for the accommodation of

the full complement of teeth. As a result, the size and

number of the teeth undergo gradual diminution.

The nose is another feature in which a gradual process of

evolution may be seen. Among animals, the highest part of

the anterior bony orifice of the nose is always below the

level of the floor of the orbital cavity, whereas among human
beings the highest part of the anterior nares is always above

the level of the orbital floors. Apart from this arrangement

of the anterior nares, the measurement of the height and

width of the nose, calculated in reference to facial points,

reveals a gradual evolution from the wide, low nostril of the

animal and primitive Australian aboriginal, to the narrow,

high nostril of the modern European.

The same is equally true of the orbital chambers, in which

a gradual transition may be traced from the low, wide orbit

of the Australian aboriginal, to the narrow and higher orbit

of the European.

Similarly, evolution may be observed in the hard palate,

for whereas in animals, length rather than width is the chief

characteristic, width rather than length is its outstanding
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character among civilised men, but it presents all grades of

transition through the lower to the higher races. Two
characters of the hard palate have not yet been fully recorded,

viz., (1) the exact character of its arch, to the height of which

considerable attention is paid in connection with the study

of insanity; and (2) the distance between the foramen mag-

num and the hiijder border of the hard palate. It would be

of much interest to know whether, with a diminishing

prognathism and shoitening upper jaw, there was also a

proportionate reduction in the antero-posterior diameter of

the naso-pharynx.

Passing now to the cranium, or box which contains the

brain, we note that, so far as its capacity and diameters, etc.,

are concerned, the cranium is directly under the influence of

the contained brain. This influence has affected the height,

width, and length of the cranial box without great disturb-

ance of that part of the floor situated above the nose, orbits,

and pharynx. The most remarkable feature is that great

increase in length has been obtained by a backward growth

of the cranium behind the foramen magnum. This has in-

fluenced the balance of the skull upon the spinal column,

and relatively changed the position of the occipital condyles

to the antero-posterior diameter of the skull.

Measurements of the cranial box, obtained by tape-line or

by calipers, as also the measurement of its cubic capacity,

provide facts invaluable and indispensable for the purposes

of skull classification. It is not quite clear that, from these

facts, we can arrange skulls in an evolutionary sequence,

although we can determine two fundamental types of skull,

viz., the dolicho-cephalic and the brachy-cephalic. Out of

the two foregoing an intermediate group is usually struck,

viz., the mesati-cephalic, but of course the affinities of this

group are either towards the one or the other of the extreme

forms. So far as mammals other than man are concerned,

their skulls are dolicho-cephalic, and this form characterises

some of the lowest of the primitive human races.

Evidence is still wanting, however, to prove that brachy-

cephalic skulls have been evolved from dolicho-cephalic

ancestors, for it may be that the two types have arisen separ-
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ately, i.e., independently. Among civilised races, all forms of

skull are found, and even within the same race examples of

the extreme types occur. Whether or not this should be attri-

buted to intermingling, due to parentage possessed of opposite

types of skull, or to the results of reversion, i.e., historical

repetition, are open questions. We cannot, however, entirely

ignore the fact that the cranium is, after all, merely a case

for the brain, whose growth must certainly influence the

dimensions of its case. Further, it is the proportion between

the length and the breadth of the cranium which stamps a

skull as dolicho-cephalic or brachy-cephalic.

As regards lower animals and primitive human races, it

may quite well be the custom for brain growth, and the

closure of cranial sutures, to proceed on lines sufficiently

constant to result in crania of types to correspond. Since,

however, among higher races all types of cranium occur, we

may reason that variation in the periods at which cranial

sutures become obliterated around a growing brain, may be

the main cause of that variation in relative proportions which

determines the type of any particular skull. While we have

considerable knowledge concerning the periods and sequence

of the obliteration of cranial sutures among civilised races,

our similar knowledge concerning primitive races and animals

is imperfect, and, moreover, we cannot be said to know very

much regarding the relative rates of growth of different parts

of the brain.

The rate at which any particular mass of the brain grows,

and the period at which it shows greatest activity, must pro-

duce some influence upon the dimensions and shape of an

osseo-membranous encasing, and in this association we may

find much of the information required to account for funda-

mental types of skull among primitive races.

If we may argue from the fact that deformities of the skull

produced artificially during infancy do not seem to give rise

to interference with the quality and functions of the con-

tained brain, we may assume that the actual shape and

proportions of the skull are of minor importance. Conse-

quently, variations in the sequence of the closure of the

cranial sutures, although they result in variations of cranial
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diameters, with corresponding variety of skull shape, do not

impede or stop brain growth. It appears, therefore, that

brain growth and cranial ossification provide two sets of

conditions, which react upon each other in producing the

different forms of crania.

No doubt the period at which parturition occurs in the

human subject is affected by the size of the foetal brain in

relation to the maternal pelvic diameters, but the difficulties

attendant upon human parturition are rather concomitants of

the erect attitude than results of the shape of the fcetal head,

which may be moulded in adaptation to any pelvic diameter.

The changes in the shape of the sacrum, together with the

increased strength and shortening of the sacro-sciatic liga-

ments necessitated by the erect attitude, must naturally

cause increased difficulty in parturition among civilised as

compared with primitive races, merely by reason of the

advanced evolution of the erect attitude.

The frequence with which the skulls of civilised races

present an unobliterated suture between the two halves of

the frontal bone, constituting what is called a metopic skull,

as compared with the normal obliteration of this suture at a

comparatively early date, has led craniologists to regard this

condition as a variation which is tending to become typical.

In this fragmentary summary of some of the anatomical

evidences in support of an evolutionary process which has

resulted in the marvellous mechanism we call Man, I have

given you examples of structural arrangements which are

most readily understood, on the assumption that they are

historical repetitions of bygone conditions which were prob-

ably at one time normal. I have also given you illustra-

tions of the introduction of new structural features, which

may, in their turn, become the normal type instead of the

occasional variation.

The causes affecting and determining a process of evolution

are therefore quite clearly still at work, and, as in past ages,

so " in the ages to come," Man's body will continue to adapt

itself to his environment and his needs, by the " survival of

the fittest" in the great and increasing "struggle for exist-

ence." Nothing seems more certain than that the great
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tenet of the geologist with reference to inanimate nature,

viz., that the processes we see in operation around us are

those which have been in operation throughout past ages,

and are those which will be operative in the future, is

equally applicable to the organic world, including Man.

I am therefore drawn to conclude with the words of Omar
Khayyam, who may have had glimmerings of the theory of

Evolution when he said

—

"With Earth's first Clay They did the Last Man knead.

And there, of the Last Harvest sow'd. the Seed
;

And the first Morning of Creation wrote

What the Last Dawn of Reckoning shall read."

—Hiibdiydt, stanza 73.

I. The Origin of Bock-Salt. By J. G. Goodchild, of the

Geological Survey, F.G.S., F.Z.S.

(Read on December 19, 1894, and recommitted January 15, 1902.)

In discussing the mode of origin of Kock-Salt, many ques-

tions present themselves for consideration. For instance, if

we wish to discuss the origin of the saltness of the sea, it is not

sufficient to assume, as many have done, that the chloride

of sodium in sea-water has been derived from the land :

we have rather to inquire whether it may not be an original

feature. In making that inquiry, we are led to consider the

earlier stages of the history of the Earth ; and we are

finally led back to the consideration not only of that,

but also of the history of the Solar System as a whole.

In regard to this latter point, it is probably the case that

most cosmogonists are now agreed that the theory which

seems best to harmonise the greatest number of known

facts, is that which is based upon the assumption that

the whole of the Solar System has consolidated from an

original nebulous state. It is capable of proof that the

incandescent gases which formed the primeval nebula

consisted of elementary bodies identical with those which

enter into the composition of our Earth and its sister

planets. It is, of course, also capable of proof that these

constituents were raised to the state of incandescent vapour
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as a result of their being subjected to a temperature which

was very high in its earlier stages, and which gradually

declined, as a consequence of radiation, as time went on. It

is further assumed, on sufficiently good grounds, that the

entire nebula moved with a rotatory motion as it progressed

through space, the direction of motion being from left to

right, looking toward the centre of the mass.

As the temperature declined, the nebulous mass gradually

divided into several portions, each of which eventually con-

stituted the nuclei around whose centres, as the cooling

process advanced, the gaseous elements passed into the solid

state, and gave rise to the several planets and their satellites

as they exist to-day.

In regard to the cause of the initial high temperature in

question, it is perhaps hardly going too far to say that

Dr Croll's " Impact Theory " is the one that best accords

with all the known facts. The fundamental principle upon

which this theory is based is that motion is eternal, and is

the normal state of things in the universe ; and that it was

the arrest of motion caused by the impact of two stellar

bodies approaching each other at a high velocity which, by

transmuting the energy of motion into the energy of heat,

gave rise to the high temperature whose origin is here under

consideration. Whether this mode of accounting for the

initial high temperature of the nebula from which our Solar

System has arisen be accepted as the true one or not, is

at present immaterial, seeing that the fact itself is no longer

questioned. Nor is it necessary to consider the details of the

cooling process, further than to bear in mind that the order

of consolidation of the various elements and compounds out

of which our Earth is built was regulated by the temperature

requisite to maintain each of them in a state of gas. We
may perhaps assume that it would be most likely that those

substances, such as many of the metals, which required the

highest temperature to keep them in a gaseous state, would

be the first to cool and form the core around which, as the

cooling proceeded, the remaining constituents of the litho-

sphere would arrange themselves one over another in accord-

ance with the principle just referred to.
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Latest of all the constituents of the Earth to pass from the

gaseous state were those which now form the hydrosphere.

At the stage of planetary evolution when the waters of the

ocean were yet floating in a vaporous condition as cloud-

belts surrounding a red-hot globe, our planet must have

borne a certain external resemblance to Jupiter as it appears

to-day.

With the rocks at the surface of the primitive lithosphere

remaining at a high temperature, and with the waters of its

present oceans still in the clouds, the nascent Earth must

have been surrounded by an envelope largely composed of

the chlorides of various bases, and other compounds volatile

at a comparatively low temperature. This must have

hovered for a long time midway between the nascent litho-

sphere and the heavy cloud-belts above. It requires no

great stretch of the imagination to enable one to form some

conception of what was passing while the nascent Earth was

yet in this stage of evolution. The cloud-belt must have

congealed into snow on its outer surface, and must have

been continually condensing into rain in its zones beneath.

Such rain (like much that is generated in the summer time

even now) probably never reached the Earth's surface at all

in the earlier stages of this phase of its evolution ; but it

rose again and again as aqueous vapour, returning each time

to a slightly lower level above the Earth. As the cooling

progressed, the products of condensation did at last reach

the Earth, passing through the lower atmospheric envelope,

containing the chlorides, etc., as they did so. At a period

later still, the cooling surface was no longer sufiSciently hot

to drive the water back again into the clouds as aqueous

vapour. Hence the mixed solutions of chlorides in the water

from the clouds accumulated in the primeval depressions of

the lithosphere, and the oceans were the result.

Thus the sea became salt from the first.

Passing on now from the astronomical phase of the

Earth's development to the stage at which we find it to-day,

we may profitably inquire regarding what changes are affect-

ing the salt of the sea now. Leaving for the present the
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question whether any of the saline constituents of the

oceans really do make their way into the lithosphere by

osmosis, as I hold that they do, we may go on to notice

the changes which take place through the medium of the

atmosphere.

Probably no one is prepared to question the statement

that, during storms, large quantities of sea-spray are driven

far inland by the winds, for the salt crystals outside our

window panes after storms give sufficient ocular demonstra-

tion of the fact. Nor, it is to be presumed, will anyone be

disposed to call in question the statement that salt originat-

ing in this manner is driven far inland by the same cause.

The use of the spectroscope (to say nothing of evidence

afforded by many other methods of observation) proves in-

contestably that chloride of sodium does exist, in a diffused

state, as salt-dust, and in other forms, throughout a large part

of the inner portion of the Earth's atmospheric envelope.

These facts being taken for granted, we may go on to con-

sider what becomes of this atmospheric salt-dust thus derived

from the spray of the sea. In this connection we may fit-

tingly make reference to the numerous and important experi-

ments carried out by Mr John Aitken of Darroch, Falkirk.

As is now well known, he has demonstrated that condensation

of aqueous vapour cannot take place, except upon solid par-

ticles ; and he has further shown that particles, or dust, of

particular kinds are much more potent agents than others in

bringing about condensation. Amongst those which play the

most important part in this respect, dust particles, consisting

of chloride of sodium, rank foremost. Mr Aitken points out,

therefore, that, in consequence of the fact, there is a constant

circulation in progress. Salt is carried inland along with the

sea-spray. Then it forms the nuclei of rain-drops, of flakes

of snow, or of other condensed forms of HgO, and thus it

descends to the land, and is afterwards transported seaward,

and so it completes the round.

That such is really what happens can be easily proved by

analyses. Those of rain-water, fresh from the clouds, show,

in the most unmistakable manner, that salt-dust is abun-

dantly present in the atmosphere, especially in the parts next
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the surface of the Earth, whence it is carried down by rain

and snow, and is also dissolved by dew and extracted by hoar

frost. The analyses made by J. J. Pierre, in the neighbour-

hood of Caen, showed that a hectare of land received annually

from the atmosphere, by means of rain alone, the following :

—

Chloride of sodium, .
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which flow through areas in which evaporation goes on at a

high rate, large quantities of the salt, in process of being

transported seaward by the river, are left upon the land.

Hence the salt lakes, salinas, and salt-encrusted lands found

in the lower parts of the river courses in all areas where

such geographical conditions obtaiu.

But in the areas which are wholly those of inland drainage,

the quantity carried down by the rivers, and left by the

evaporation of their waters, is, from the nature of the case,

much greater still. Hence the great deposits of salt left in

such areas as those of the Aralo-Caspian area, in the Salt

Lake of Utah, in the desert regions of South America,

Australia, and in all other regions where such conditions

as those mentioned are found. Some of these we may pro-

ceed to consider in more detail.

The Caspian area is especially worthy of study in this

respect. It was formerly part of a greater Mediterranean,

which extended far east into Central Asia. Terrestrial

changes affecting the surface have broken up the marine

area, and have left the Caspian, estimated at being now
about 180,000 square miles in extent, as an area into which

flows the drainage of the Volga, the Ural, the Kuma, the

Terek, the Kur, the Emba, the Araxes, and many smaller

rivers. Notwithstanding the enormous volume of river-water

annually poured into this inland lake, its level is not raised

in the least, because the whole of the inflow is carried off

by evaporation. As the Caspian lies between the summer
isotherms of 70° and 80°, and it is, further, traversed by very

dry winds for a large proportion of the year, this excessive

evaporation is, perhaps, hardly greater than might have been

expected. The southern portion of the lake has a depth of

2953 feet below the level of the Black Sea, while the northern

portion shallows by an almost imperceptible slope to the

surface. In the shallows the evaporation is greater than the

influx, so that a current from the south sets in to make up

the loss. The quantity of salts there amounts to 13 per 1000,

of which, on an average, 62'7 is chloride of sodium, and 23*8

sulphate of magnesia. On the eastern side, in the narrow

bay of Kai-Dak, evaporation increases the proportion of salts
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to 56*28 per thousand.^ The evaporation goes on, however,

on the greatest scale in the Kara-Boghaz, which is a shallow

diverticulum from the eastern part of the middle basin. It

is possibly a basin into which the Oxus emptied itself in

former times. It is about 3000 square miles in extent, and

is separated from the Caspian proper by a narrow channel

not more than 150 yards wide, and only seven or eight feet

in depth. This basin, being exposed to every wind, and to

a most intense summer heat, is subject to the loss of an

enormous quantity of water by evaporation, and as there is

practically no inflow from rivers to balance this loss, it is

made good by a steady influx from the Caspian. Hence a

current of water runs inward to the Kara-Boghaz during the

summer months with a speed of two to three and a half miles

per hour, according to the wind and the season. Hence the

saline constituents are concentrated, and layers of both

chloride of sodium and gypsum are continually being de-

posited, while the magnesia salts contained in the mother-

liquor flow back into the Caspian. Von Baer ^ has calculated

that the Kara-Boghaz alone receives from the Caspian the

enormous quantity of three hundred and fifty thousand tons

of salt per diem.

Another well-known example of an inland lake which

receives the rainfall of a large area, and concentrates its

dissolved contents by excessive evaporation, is Elton Lake,

which is about two hundred miles from the northern border

of the present Caspian, in the Kirghis Steppe. This yielded

annually as much as 220,550,000 lbs. of chloride of sodium,

but the Eussian government have ceased to work it, and

obtain salt instead from Lake Baskounchak, which is dry in

summer, and has its bed covered with salt (F. W. Rudler).

" Towards the end of the summer, the waters of Lake Elton

become reduced to a mother-liquor in which the salts amount

to 271 '3 per thousand, and consist of more than 60 per cent,

of chloride of magnesium, with much sulphate of magnesia,

and a little chloride of sodium. During the winter, a large

quantity of sulphate of magnesia crystallises out, and is again

1 Justus Roth, Cont. Rev., Aug. 1880, p. 245.

2 "Kaspisclie Studien," Bull. Acad. Sc. St Petersburg, 1865-56.
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dissolved in the summer. Thus the composition of the

Elton Lake, in which the proportion of sulphate of lime

is always small, varies according to the season of the

year." ^

The Dead Sea is another well-known example of an inland

lake in which concentration is proceeding at a high rate.

It is fed almost entirely by the Jordan, which carries into

the Dead Sea 6,500,000 tons of water daily during the

melting of the snows of the Lebanon, the whole of which

is dissipated by evaporation. Chloride of sodium and chloride

of magnesium are among its preponderating dissolved con-

stituents. "At a depth of 300 metres, the salts in solution

in the Dead Sea amount to 278 per thousand, with a specific

gravity of 1*2563. In this are contained, in the following

percentages :

—

Chloride of sodium, .

Chloride of magnesium,

Chloride of potassium,

Chloride of calcium, .

Bromide of magnesium.

Sulphate of lime,

Thus the chloride of magnesium

that of sodium. Hence precip

sodium takes place as fast as it arrives from the rainfall

of the Jordan basin. Thick deposits of salt, inter-stratified

with clay and other detrital material, occur to heights of

about six hundred feet above the level of the Dead Sea.

[Photographic views of those of Jebel Usdem, taken by

Mr M. Cotsworth of York, were exhibited when this address

was last given before the Eoyal Physical Society.] It is

said that it is only during exceptionally high floods that the

waters of the Dead Sea rise to the level of the foot of the

Jebel Usdem cliffs ; hence it is usually considered that the

quantity of salt derived by the Dead Sea from its ancient

deposits here must form but a very small proportion of its

saline constituents. It may be well to remark again that

the presence of the excess of the chloride of magnesium in

1 Justus Roth, op. cit.
, \). 246. 2 7^^^;.

, p. 247.
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is considerably in excess of

tation of the chloride of
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the waters of the Dead Sea accounts for the relatively small

percentage of chloride of sodium in solution. As fast as this

arrives from the Jordan it is precipitated in the solid form,

and hence, instead of remaining in solution, it occurs as

crystals in the mud at the bottom of the lake.

Amongst the numerous other examples of the same nature

as the lakes just mentioned, reference may also be made to

the Salt Lake of Utah. This area of inland drainage, like

the Caspian, the Dead Sea, and others referred to, is the

shrunken remnant of a former lake of greater extent, whose

waters are still gradually diminishing as a consequence of

the excess of evaporation over the supply brought in by the

rivers that feed it. As in the case of the Dead Sea terraces

of Jebel Usdem and the parts adjacent, the marks of the

former levels at which the waters of the Salt Lake stood are

plainly to be seen on the mountain sides around. [These

features were beautifully illustrated when this paper was

read the second time, by lantern slides of the Salt Lake,

taken by Dr Tempest Anderson.]

The waters of the Salt Lake contain salts in solution to

the amount of 224*22 per thousand, of which 90'64 per cent,

is chloride of sodium, 1*3 per cent, of chloride of magnesium,

and 8*23 per cent, of sulphate of soda.

There is not space here for more than a brief reference to

other salt lakes. But besides the numerous salt lakes in the

steppe regions of Asiatic Russia, they abound in Persia, and

constitute an important source of the salt used there. Lake

Urimiyeh is well known in this respect on account of the

enormous quantities of salt it contains. There are many

others in Northern Africa, from the Mle to Morocco. The

salt in the Bitter Lakes of Suez is estimated to amount to

2,134,000,000,000 lbs. Salt lakes abound also in the arid

parts of South Africa. In India, salt is obtained in consider-

able quantities from the Sambhur Lake.

In addition to these inland areas where chloride of sodium

is in process of formation, it is well known that there are

thousands of miles of coast-line where salt is obtained by

the evaporation of sea-water. One well-known instance is

that of the Rann of Cutch (Lyell, "Principles," 10th ed..
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vol. ii. p. 98). In the present connection, however, we
are not specially concerned with the salt obtained by this

means; because the object in view here is to show that

there is abundant evidence, in the cases where the rivers

flow into areas of inland drainage, of the concentration of

their saline and other dissolved constituents in great

quantities. It must be perfectly obvious in such circum-

stances that the total quantity so deposited is limited only

by—(1) the percentage held in solution in the feeders of the

lake ; and (2) by the time during which these special

geographical conditions remain in operation.

Facts similar to those just passed in review are presented

by many other areas of the Globe. The reader desirous

of obtaining further information regarding these will find

it given by Bischof in his "Chemical Geology" (English

translation), vol. i. chap, xviii., which, like the rest of that

work, is a great storehouse of facts, most of them of the

highest value, even at the present day. It may be added

here that a large proportion of the salt consumed in various

parts of the globe is of recent date, and is largely obtained

from atmospheric salt, concentrated from rain-water which

has flowed into areas where the rate of evaporation has long

been at least equal to that of supply. Much of the salt

gathered by Oriental people on the shores of the Aralo-

Caspian lakes, for example, may well have formed part

of the saline constituents of the ocean only a few years

before it has been gathered by human hands.

When one is called upon for an explanation of other and

older deposits of salt whose mode of formation is not so

obvious, it is probable that no answer that can be given

would quite satisfy all the inquirers. As regards the

particular case of the salt deposits of Jebel Usdem, which

rise to a considerable elevation above the shores of the Dead
Sea, many persons have thought that they represent a deposit

left by dessicated sea-water—supposed to have been derived

from the Mediterranean or from an arm of the Eed Sea. On
the other hand, it can be shown that the continued dessica-

tion of sea-water would give rise to a deposit different from

that of Jebel Usdem in many essential respects. It seems a
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much simpler explanation to refer their origin to deposition

from the Dead Sea itself, which took place at a time when the

level of that water was much higher than it is at present.

That would mean that the rate of evaporation going on at

that part has long been slightly in excess of the supply

carried in by the Jordan. For the rest, so far as the salt is

concerned, the only other factor needed is that of time. But

as Bischof pertinently remarked in this connection many

years ago {Ghem. Geol., Engl, trans., vol. i. p. 86) : If a

river carries in solution go^oo of a given constituent ... it

will transport in 8000 years a quantity as great as that of

the water it annually conveys. " But what are 8000 years

compared with geological periods, in which we must reckon

millions of years ?

"

As regards the Jordan-Arabah depression, in which the

Dead Sea lies, I may remark, in passing, that there has been

no reason advanced yet by anyone to prove that this remark-

able depression may not be the outward expression of a

terrestrial fold. There has been no proof given that there is

any fault there, although it has been repeatedly inferred that

one exists. It is just as likely that the depression is simply

a geo-synclinal, correlative with the geo-anticlinal upon

which Jerusalem is situated. I have long taught in my
lectures that the Jordan-Arabah depression is simply one of

a series of earth-folds which have affected a large part of the

Orient, from Egypt eastward. The Nile Delta is situated

over one of the zones of depression.^ Probably it will some

day be demonstrated that the entire series of surface folds is

in process of formation even at the present day.

[The substance of the foregoing remarks may here be

fittingly summarised, and in doing so I shall take the liberty

of reprinting a paragraph which was published in the Proc.

Boy. Phys. Soc, vol. xiv. pp. 184, 185 (read January 18, 1899,

published in December of the same year), in a paper by

myself " On the Genesis of some Scottish Minerals "
:

—

^ It may some day be proved that all deltas coincide with zones of

contemporaneous depression. See Trans. Geol. Soc. Glasgow, vol. for 1902,

in this connection.
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"In the case of Eock-Salt, the primary sources of the

mineral may be fourfold. The salt may be simply washed

out of some rocks in which it happens to occur;. it may arise

through the direct combination of sodium salts with others

which yield hydrochloric acid ; or it may be due to the

evaporation of shallow pools of sea-water in areas tempo-

rarily shut off from the open sea. One contributory cause,

which has been generally overlooked, is connected with the

important fact that the aqueous vapour present in the

atmosphere undergoes condensation most readily upon solid

particles ; and that, of all the solid particles present in the

air, those of chloride of sodium are in this respect amongst

the most potent. The water of the sea is lashed by the

winds into foam and spray as it is driven against the rocks
;

much of the spray is transported inland by the same agent

;

its saline constituents are widely diffused, in the form of

extremely minute particles of salt-dust, throughout all the

lower strata of the atmosphere ; and, finally, it is largely

upon these saline nuclei that condensation eventually takes

place. That chloride of sodium is ever present in meteoric

waters has been abundantly proved by analysis—as much as

thirty-two pounds per annum per acre having been recorded

by Angus Smith from rain-water alone. Part, at least, of

this is usually returned to the sea by rivers. But in the

case of such river-waters as are largely or entirely dissipated

by evaporation, the saline constituents are left. The shallow

mouths of the rivers draining into the Caspian afford large

quantifies of salt which have thus originated ; while at Kara-

Boghaz, on the eastern side of that inland lake, where the

evaporation is exceptionally high, large quantities of salt are

annually deposited. The same occurs in nearly all the lakes

of the Aralo-Caspian area, and, indeed, in all cases in which

river-water is largely dissipated by evaporation. This is the

reason why chloride of sodium occurs in such abundance in

Lower Egypt, and in the Schatts of Northern Africa in

general, as well as in all other regions where similar

geographical conditions obtain. . . . Layer upon layer of

sediments thus impregnated with salt is laid down. Down-

ward percolation of water dissolves it, transfers it to lower
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levels, and subsequently aids in concentrating it into

one bed."]

The foregoing paragraphs, before those enclosed in square

brackets, contain a nearly verbatim report of an address I

gave before the Koyal Physical Society of Edinburgh at the

December meeting, 1894, without any addition or alteration.

The same address was also given before the Edinburgh

Association of Science and Art that year, and was awarded

their Diploma. A few weeks afterwards it was delivered

before the Carlisle Scientific Society at Tullie House ; and it

has been repeated elsewhere before other scientific gatherings

on several occasions since. Furthermore, an abstract of the

part of it relating to what is now called the cyclic origin of

rock-salt was published in my Opening Address to the Edin-

burgh Geological Society on November 19, 1896,^ and again,

in another form, in "The Genesis of Scottish Minerals,"

Proc. Roy. Phys. Soc, vol. xiv., under " Epigenic Minerals,"

pp. 184, 185, just quoted. It is not, therefore, correct to

state that the cyclic origin of rock-salt had been overlooked

until 1901.

Since the dates above mentioned, several important con-

tributions to the literature of the subject have appeared.

One set of these has been put forward by Professor Joly,

Trans. Roy. Dub. Soc, ser. 2, vol. vii.; Geol. Mag., dec. 4, viii.

pp. 344-350 ; and Chem. News, vol. Ixxxiii. In these papers

Professor Joly has made use of some arguments relating to

chloride of sodium in favour of his view that the Age of the

Earth is somewhere between 96 to 105 millions of years.

The other set of observations referred to is by Mr William

Ackroyd, F.I.C, Public Analyst for Halifax. In the original

form I understand that the first of these was read before the

Yorkshire Geological and Polytechnic Society at Leeds, on

the 25th April 1901. The paper specially referred to con-

tains a valuable mass of data bearing upon the subject under

notice ; it was published in the Chemical News for the 7th

June 1901 (vol. Ixxxiii., No. 2167, pp. 265-268). I can only

1 See also Trafis. Geol. Soc. Glasgow, vol. xi. p. 85, read April 22, 1897,

published in 1898.



The Origin of Rock-Salt. 39

say of it here that it seems to me to confirm the conclusions

I had previously announced, and also to prove conclusively

that no estimate of the quantity of salt in the sea can be a

factor of any value in calculating the Age of the Earth.

The following notes, which were in my original manu-
script, but, on account of want of time, were not read at

either meeting of the Eoyal Physical Society, are inserted

here. They relate to the geological distribution of salt, to

its associated minerals, to its influence upon the various

metals, and to one or two other points of more or less

scientific interest :

—

Nearly the whole of the deposits of salt occurring in the

fossil state are found associated with strata which bear

independent evidence of having been formed within areas of

inland drainage, and most commonly during conditions of

more or less aridity. I should regard all of these as

representing salt derived from the sea through the atmo-

sphere. Some few instances occur of salt of Proterozoic

age, a few more date from the Deuterozoic period. Most of

the western and central European saliferous deposits are of

the age of the Trias, including the famous deposit at Middles-

boro in Yorkshire, which occurs on the same platform as the

gypsum of Cumberland, in the Bunter Marl. Seeing that

the so-called " Permian " is only an older part of the same

formation, accumulated under the same conditions as the

Trias, there is no reason why some salt should not be of this

age also.

Then, seeing that desert conditions and inland lakes must

have had a place during each geological period on some one

part or another of the earth's surface, there is every reason

to expect to meet with saline deposits wherever such con-

ditions happened to obtain. Accordingly, we find that there

is hardly a single geological period, especially from the

commencement of Neozoic times, which has not, in one part

or another, its deposits of Eock-Salt. This being the case,

there is no need to give a list in a paper like this.

As regards the associates of rock-salt, it has long been

known that Dolomite, Anhydrite, and Gypsum are nearly

always more or less closely associated with Eock-Salt. An



40 Proceedings of the Royal Physical Society.

occurrence which has received much less notice—perhaps

because writers did not see their way to account for the facts

—is the very general association of rock-salt with hydro-

carbon compounds. I have ventured elsewhere ^ to discuss

this point. It is, I think, due to the action of the sulphates,

which are present in larger or smaller quantities in all salt

lakes, upon decomposing matter of vegetable origin, whereby

these latter are converted into other hydro -carbon com-

pounds, especially into bituminoids.

The other minerals associated with Eock-Salt are Carnallite,

Kieserite, Mirabilite, Polyhalite, and other " abraum " salts.

Furthermore, seeing that the waters from which Rock-Salt

has been deposited have all traversed the rocks of the land

before reaching the area of concentration, it might be

expected that every substance which water can possibly

carry off in solution from the land, in quantities however

minute, may be thus concentrated in like manner to chloride

of sodium and its other associates. Thus, in the Triassic

rocks of Alderley Edge in Cheshire, it has long been known

that these rocks, which are closely associated with the strata

in which the salt is worked, yield a long list of elements and

compounds. Woodward, in his " Geology of England and

Wales," gives Platinum, Copper Ores, Cobalt, and Galena.

He might have added, various ores of iron, especially Haema-

tite and Turgite, and a Vanadium compound largely used in

making Vanadic acid. Various other substances have been

detected in the Sandstone associated with Eock-Salt, Barytes

being one of them, and quite lately Dr Mackay of Elgin has

added Eluor to the list. I see no reason why any of these

should be excluded from the list of substances carried down

in solution in rivers to the area of evaporation, and why
they should not represent the concentrated form of sub-

stances which were formerly in a state of extremely minute

quantities in solution, originally derived from the land and

not from the sea.

As for the influence of chloride of sodium upon other

1 "On some Modes of Origin of Oil Shales," Trans. Edin. Geol. Soc,

vol. vii. p. 121; "On the Bituminoid Cement of the Caithness Flagstone,"

Froc. Boy. Phys, Soc.y vol. xiii. p. 316.
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minerals, much might be said. Two points, however, may-

be referred to—rather in the form of suggestive questions

than as direct statements. (1) Is there not some connec-

tion between the formation of chlorides in metalliferous

deposits, and the presence, now or formerly, of concentrated

solutions of chloride of sodium ? I am thinking specially of

Atacamite; but the same suggestion recalls the chlorides of

silver, and also the curious association of gold with regions of

aridity. In the case of arid conditions, chlorine seems to

take much the same part in bringing about changes near the

surface in the case of metalliferous deposits as carbonic acid

does under humid conditions. (2) Chloride of sodium is one

of the substances given off by some active volcanoes. Is

this due to the surplus from the sea-water, which I hold to be

one of the prime factors in the generation of all eruptive

rocks ? If more sea-water finds its way downward to the

volcanic foci than is needed for furnishing the alkalies

required for the making of the volcanic rocks, one can

readily understand how, in the general process of concentra-

tion which the sea- water undergoes by plutonic causes, some

of the salt may not be required, and may reach the surface

either as a gas, or as a residual deposit from some other vapour.

The following works (amongst others) may be consulted

upon various points connected with Salt. A fuller list will

be found in the footnotes to chap, xviii. vol. i. of Bischofs

" Chemical Geology."

Maxwell Lyte, "Salt," Ency. Brit., 9th ed.; Ditmar, ''Sea-

Water," ihid.

Reclus, La Terre, vol. ii.

BiscHOF, Chemical Geology, vol. i. chap, xviii.

Justus Roth, " River-Water, Sea-Water, and Rock-Salt," Cont.

Eevietv, August 1880.

Lothian Bell, Salt Deposits of Middleshoro.

J. J. Manley, Salt and other Condiments, International Health

Exhibition, 1884.

" Salt and Gypsum Industries of the United States," Bulletin

New York State Museum, vol. iii. No. 11 (1893).

Wagner's Chemical Technologic, '* Water," International Health

Exhibition, 1884.
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J. AiTKEN, Trans. Roy. Soc. Edin., vol. xxx. pp. 337-368.

Carpenter, " Further Remarks on Oceanic Circulation," Proc.

Roy. Geog. Soc, vol. xviii. p. 301.

Proctor, " When the Sea was Young," Cornhill Mag.

Buchanan, " Distribution of Salt in the Ocean," Proc. Roy. Geog.

Soc, vol. xxi. p. 255.

Board of Trade Journal, September 1892 ("Russian Salt");

ibid., July 1891 ("Indian Salt").

Ward, Manch. Geol. Soc, vols, xviii., xix., etc.

Marley, Trans. iV". of P. Jlining Engitieer, 1890-91.

Colliery Guardian, November 14, 1890.

Lyell, Principles of Geology, and also Elements.

F. BiscHOF, The Rock-Salt Works of Stassfurt (Halle, 1875).

H. M. Cadell, "The Salt Deposits of Stassfurt," Trans. Geol.

Soc. Edin., v. p. 92.

C. OcHSENius, The Formation of Rock-Salt Strata and their

Mother-Liquor Salts (Halle, 1877).

Von Baer, " Kaspische Studien," Bull. Acad. Sc St Petersburg,

1855, 1856.

Marchand Poggendorfs Annalen, vol. 76, p. 463.

Berton, Bulletin de la Societie de Geographic, vol. 10, p. 274.

Hermbstadt, Schweigger's Journal, vol. 34, p. 183.

J. G. Kohl, Reisen in Sud-Russlands, vols. 1 and 2 (1841).

Zeuschner, Jahrbuchfilr Mineralogie, etc., 1895, p. 286.

UsiGLio, Annal. de Chemie et de Phys. (3), vol. 27, p. 172.
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11. A Method of Craniometry for Mammals.

By 0. Charnock Bradley, M.B.

(Read 16th April 1902.)

That the eye is not always to be trusted will be readily

admitted by anyone accustomed to making comparisons

between objects differing only slightly from each other in

form. Even if the objects possess very considerable unlike-

ness, but have a complicated outline, mere inspection may
lead to erroneous conclusions. This is the case with the

skull. If the skulls of a cat and a pig, for example (Fig. 1),

Crar)iui99.

Face

Ci^. FiQ
Fig. 1.

are merely inspected with the eye, one may easily be led to

conclude that the cranium of the cat is broader, relatively

to its length, than that of the pig ; whereas actual measure-

ments prove the converse to be the case. Anthropologists

long ago recognised the necessity for a system of cranio-

metry, by means of which they might be enabled to appre-

ciate accurately the differences in the skulls of men of

diverse races, or of men of the same race. And it has been

also felt by morphologists, working with other mammalian
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skulls, that differences of form should be expressed in figures

as well as in words. Several comparative anatomists, es-

pecially interested in one genus or species, have given tables

of skull measurements.^ But, unfortunately, they have not

all followed the same plan, and, consequently, their observa-

tions have lost much of their value. It appears, therefore,

that a definite method of craniometry is needed as much for

mammals in general as for man himself, and the object of

the present communication is to indicate such a method.

Those who are familiar with the excellent plan adopted by

Huxley,^ in his extensive and very valuable observations

upon the skull of the Canidse, may well object that any

other method is superfluous. So it would have been had

Huxley's scheme been universally adopted by morphologists,

including anthropologists. That it has not been so adopted

is evidenced by publications which have appeared since

1880,—the year in which Huxley's paper was given to the

scientific world,—and by the fact that anthropologists follow,

at the present time, a method very different from that pro-

posed and employed by Huxley. This is possibly because,

according to Huxley's plan, it was necessary, or at any rate

desirable, that the skull, to be measured, should be bisected

in order that a basicranial unit might be determined. Fur-

ther, the comparison of all measurements to one unit is not

always productive of the best results ; it is often better to

compare two diameters with each other rather than with a

third. For these reasons it seems possible to claim that

there is still room for a uniform method of craniometry

adapted to the Mammalia as a whole. And it appears that

there would be greater chance of its adoption by compara-

tive anatomists if it did not differ too widely from the

anthropological method. In the plan here suggested the

procedure of the anthropologist has been followed as closely

1 For example :—A. Sanson, " Memoire sur la nouvelle determination d'un

type specifique de race chevaline," Jour, de VAnat. et de la Phys., t. v., 1868,

p. 246; W. Ellenberger and H. Baum, "Anatomic des Hundes," Berlin, 1891;

H. Jayne, "Mammalian Anatomy: Part I., The Skeleton of the Cat,"

Philadelphia, 1898.

3 "On the Cranial and Dental Characters of the Canidee," Proc. Zool. Soc.

Lond., 1880, p. 238.
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as the exigencies of the case would admit ; but, owing to

the marked morphological differences between the skull

of man and that of the average mammal, certain modifica-

tions have been deemed advisable. The scheme, as sketched

below, has been found to work very well as far as the skulls

to which it has been applied are concerned. Whether it

will need to be modified or expanded, only actual experience

can show.

- -la'T^bda.

Bi-egrr^a.

Sre|obar)ior).

T)a3ioo

^l\)color holl9^.

Fig. 2.

Q.^

Method.

Fig. 3.

The points from which it is suggested that measurements

should be taken are as follows (Figs. 2, 3, and 4) :

—

Bregma = where the sagittal and coronal sutures meet.

Stephanion = the point where the ridge, which marks the

upper limit of the temporal fossa, crosses the coronal suture.

I^asion = the mid-point of the naso-frontal suture.

Alveolar point = the point on the suture between the

premaxillary bones immediately above the incisor teeth.

Lambda = the mid-point of the suture between the occipital

and parietal bones (or between the occipital and inter-

parietal bones, if the latter is present). It is necessary

to consider the lambda as being behind the interparietal

bone, because of the inconstant character of this element
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of the cranium. It is often absent; and when present

varies much in development in different animals, and even

in the same animal at different periods of life.

£asion = th.e mid-point of the lower boundary of the

foramen magnum.

Opisthion = the corresponding point on the upper border

of the same foramen.

Further points will be mentioned in connection with the

diameters now to be described.

Diameters.

Length of Cranium.—It is impossible to satisfactorily

express the length of the cranium by the diameter employed

Tronfo-pariefal leogfr).

TVo rjto

Fig. 4.

by anthropologists, i.e., from the occipital point to the

glabella, because these do not exist in the bulk of mammals.

Nor would it be well to take the length of the cranium

as being expressed in a diameter measured from the pro-

jecting crest formed by the supra-occipital bone; for this

is very variable in the degree of its development in different

animals. Apparently the most satisfactory and definite

points between which a measurement may be taken are

the opisthion and the nasion (Fig. 4, d). It will be found

that this diameter bears a fairly constant relationship to the

actual cranial length in all mammals, excepting those, com-

paratively few in number, in which the occipital bone bulges

backwards beyond the level of the foramen magnum.

Breadth of Cranium.—To express the breadth of the

cranium is more difficult than to indicate its length, because
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of the difficulty of fixing a point on the actual cranial wall

which can be taken in all cases. The difficulty may be

surmounted by using the outermost points of the articular

surfaces for the mandible as the extremities of a diameter

(Fig. 3, a). Although this does not bear a very constant rela-

tionship to the actual breadth of the cranial cavity, it has at

least the advantage that it expresses the width of the head.

Height of Cranium.—Because of the marked difference in

the shape of the cranium of man and the rest of the

mammals, it is not sufficient to indicate its height by the

one diameter employed by anthropologists. Two are

obviously needed. One of them corresponds to the " height

of cranium" of anthropology, and is taken between the

basion and the bregma. This may be called the ohlique

height because of its direction ; the bregma lying in front

of the basion—markedly so in some animals (Fig. 4, e).

The other "height" diameter, it is suggested, should be

taken between the basion and the lambda ; and, because this

is speaking generally, vertical in direction, it may be known

as the vertical height, in order to distinguish it from the

basi-bregmatic diameter (Fig. 4, f).

Bistephanic Diameter.—The extent of the temporal fossa

being so variable in the different orders of mammals, and even

in the members of the same order, the distance between the

two stephanions is one which one cannot afford to neglect.

Frontal and Fronto-parietal Lengths.—The length of the

frontal bones (bregma to nasion), and that of the combined

frontal and parietal bones (lambda to nasion), will be found

to be very variable quantities (Fig. 4). These lengths may
be estimated by means of a tape-measure laid along the

sagittal suture. It may be remarked that these are the

only measurements made by means of a tape, all the others

being arrived at by the use of calipers.

Length of Face.—The majority of anthropologists express

the length of the face in a measurement taken from the

mid-point of the bistephanic diameter to the point of the

chin. This is not convenient for the Mammalia in general,

first, because the Stephanie diameter is often very far

removed from the region of the face ; and secondly, because
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a " chin " does not exist except in man. It is better, there-

fore, to take the length of the face as being the distance

between the nasion and the alveolar point (Fig. 4, g).

Breadth of Face.—It is believed that the most generally

useful measurement of the breadth of the face is one

between points on the sutures between the malar and

maxillary bones. In many animals there is a well-defined

ridge running downwards and forwards from the zygoma.

This ridge is largely developed in the Equidse. Even when

the ridge does not attain any very marked prominence, its

representative is usually not very difficult to find. Mostly

the ridge forms the most lateral part of the face ; and so it

seems natural to use it in gauging the facial breadth. In

order that the measurement be taken from a fixed point, we

may determine upon the spot where this ridge crosses the

malo-maxillary suture (Fig. 3, c, and Fig. 4, c).

Length of Palate.—The length of the palate may be readily

determined by measuring along the middle line from the

centre of its posterior border to just behind the incisor teeth.

In some skulls there is a spine of variable dimensions pro-

jecting backwards from the middle of the curved posterior

palatal border. In such cases the process should be

excluded from the measurement.

Breadth of Palate.—In those skulls where the posterior

border of the palate lies anterior to the last tooth, the

palatine breadth can be taken along a transverse line on

a level with the most anterior part of the curve of the

posterior palatal border. When the posterior border falls

behind the dental series, the breadth should be taken

between the last teeth (Fig. 3, b). In either case, because

of the relative difference in size of the teeth of different

animals, the palatal breadth should not include them.

Cranio-facial Length.—The length of the entire skull may

be expressed in a cranio-facial diameter measured from the

opisthion to the alveolar point (Fig. 4, h). Some anatomists

have measured the length of the entire skull from the

alveolar point to the crest formed by the occipital bone;

but, as already pointed out, this crest is too variable to be

of use in making measurements.
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Indices.

In order that the measurements of any two or more

skulls may be satisfactorily compared, it is necessary to

employ indices. From the data obtained, as indicated in the

preceding paragraphs, indices maybe computed as follows :

—

^ ... ^ , Breadth of cranium X 100
tephaiic Index = = ~r—? *

'^ Length oi cranium

^„, ^,. -. , r , Oblique height of cranium X 100
Oblique Altitudmal Index = —^^ -.—

-r.
:

^ Length oi cranium

,^ .-,,,. ,. TTi Vertical height of cranium X 100
Vertical Altitudinai Index = ^ —.— .

Length ot cranium

^, , . y. , Bistephanic diameter x 100
tbtephanic Index = ^= r-:, ^

•

Irontal length

„ . 1 T ^ Breadth of face x 100
racial index = =— = -^r^

•

Length ot lace

„ , . ^ , Breadth of palate X 100
Falattne Index = —^—r •

Length ot palate

^ . . . - ^ . Fronto-parietal length x 100
Upper Craniofacial Index =

^
——

t-J-
'

^ . r ' 1 T 1 Lensfth of face x 100
Lower Cranio-faciat Index = -—

.
—-

—

r—r\ ^ •

Cranio-laciai length

The cephalic index shows the breadth of the posterior part

of the skull in relation to the length of the cranium ; but

does not indicate the relation between the breadth of the

cranial cavity and the cranial length; the outward curve of

the zygomatic arch varying very much in different species.

A comparison of the oblique and vertical altitudinai i'tidices

serves to bring out the amount of slope of the roof of the

cranium and the degree of vertical development of the

occipital region.

The Stephanie index will be found to indicate the extent

of the temporal fossa, and, generally speaking, varies in

inverse ratio to the development of the Temporalis muscle.

Anthropologists, in stating the facial index, take the

breadth of the face as equal to 100 • but, seeing that the

face of mammals is generally longer than it is broad, it is

better to take the length as 100 and compare the breadth

with it. The same departure from anthropological methods

appears to be necessary in computing the palatine index;

and for the same reasom

VOL. XV. D
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In comparing the face as a whole with the cranium as a

whole, two indices appear to be called for. One, which we
may call the upper cranio-fa^ial index, states the length of

the roof of the cranium (fronto-parietal length), in terms of

the length of the face (taken as 100). The other, the lower

cranio-facial index, enables us to state the length of the face

as compared to the entire length of the skull. A casual

examination of these two indices may lead one to suppose

that one or the other is superfluous, and that they will

merely state the same fact in different ways. But ex-

perience shows that they are both necessary, owing to

differences in the conformation of the cranial roof, and

varying degrees of backward projection of the occipital

region in different skulls. A straight line joining the

nasion to the lambda does not always form the same angle

with a vertical coronal plane ; nor does a line joining the

lambda and the opisthion always meet a horizontal plane

at the same inclination. Hence the necessity for the two

indices.

Results.

I have applied the above method to over fifty skulls of

animals belonging to various orders of mammals ; and may
illustrate ihe results by arranging the indices of representa-

tive animals in a descending order.

Cephalic Index.
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Vertical Altitudinal Index.

Pig,
. .

Walrus,

Hooded Seal,

Dingo,

Tiger, .

Indian Porcupine

Horse, .

Polar Bear, .

Kangaroo, .

Beaver,

Fox, .

Sheep, .

Water Vole,

Llama,

Hedgehog, .

Cat, .

Thar. .

68-30

65-97

61-42

55-67

52-28

47-72

45-20

44-70

44-54

42-85

41-86

40-90

40-74

39-35

38-88

37-68

36 66

Stephanic Index.

Pig, ....
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Upper Cranio-Facial Index

Cat, .

Water Vole,

Brown Bear

Beaver,

Brown Rat,

Hedgehog,

Fox, ,

Polar Bear,

Tiger, .

Llama,

Dingo,

Thar, .

Walrus,

Pig,
.

Kangaroo,

Sheep,

Indian Porcupine

Horse,

Hooded Seal,

DEX.

216-21



A Method of Craniometry for Mammals. 53

possess any remarkable degree of vertical height, but is, od

the contrary, low.

4. That the distance between the two stephanions is

greater than in any other carnivore mentioned in the

table.

5. That the face is relatively broad, but not so much

so as in the hedoehog and beaver.

6. That the palate is much broader, in comparison with

its length, than that of the other animals whose indices are

given.

7. That the face is very short as compared with the length

of the roof of the cranium, and of the skull as a whole.

It was anticipated that differences would be found in the

skulls of different animals belonging to the same species

;

and the anticipation was realised, as is shown in the table

given at the end of this paper. It can hardly be doubted

that variations will be found to be most marked among the

members of those species which have been most intimately

associated with man. The artificial species—if such a term

may be permitted—of dogs are notoriously variable in the

size and shape of the head ; and this is so because breeders

have willed that it should be so. There are, however, species

in which the variations of skull-form are less evident to the

eye {e.g., horse, sheep, etc.), but which will no doubt be

brought out by the tape-measure and calipers.

Another feature which can be demonstrated by cranio-

metry, is the modification in the architecture of the skull

which takes place during that period in the life of the

animal ranging from birth to full maturity.

The accompanying Table gives the diameters and indices

of fifty-one skulls to which the foregoing method has been

applied. The majority of the skulls are in the Edinburgh

Museum of Science and Art, and I am deeply indebted to

Dr Traquair for his great kindness in affording me every

facility for measuring them. All the measurements are

given in millimetres.
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III. The Ccelentera in Relation to Geological Zones. By

J. G. GooDCHiLD, H.M. Geological Survey, F.G.S., F.Z.S.

(Read 19tli March 1902.)

One of the most remarkable facts with which the geo-

logist who works at the Proterozoic Eocks has to deal is the

very limited vertical distribution of certain species of Grap-

tolites. In some cases a well-marked species of this group

appears for the first time, perhaps in great numbers, upon

some definite geological horizon, and then, in the succeeding

stratum, entirely disappears, and its place is taken by quite

another form. This is especially the case with the grapto-

liferous mudstones of the Upper Ordovician Eocks, as well

as with those occurring in the lower subdivisions of the

Silurian strata. The fact is the more remarkable in the case

of these mudstones, seeing that, as a rule, they have clearly

been formed under conditions which, so far as one can judge

from the evidence, were quite uniform in character almost

from beginning to end. As an example of a different kind,

which may be compared with these, may be instanced the

Ammonite zones of the Jurassic Eocks. These also have a

very limited vertical range ; but then the several strata in

which the different zonal species occur are diverse in petro-

graphical character, and the Ammonites may therefore be

reasonably supposed to owe their shortness of specific exist-

ence to the influence of uncongenial conditions recurring

at short intervals of geological time.

In marked contrast with both of these types may be cited

the fauna and flora of the Louver Carboniferous Eocks. The

strata in which these are found, especially the types of

Lower Carboniferous Eocks occurring in North Britain, show

abundant and perfectly clear evidence of repeated changes

of physical conditions of almost all types except those of

land and fresh-water conditions. Yet the organic remains

are virtually the same from the lowest platforms up to the

base of the rocks of Upper Carboniferous age. In the Lower

Carboniferous Eocks, indeed, one would be almost justified

in saying that but few zonal forms have yet been detected,

VOL XV. E
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even though the search for them has been zealously pursued

for well on to half a century.

It may, of course, be urged that the comparison between

the faunas of the Lower Carboniferous and Jurassic Rocks

on the one hand, with the graptolite fauna of the Proterozoic

mudstones on the other, is not a just one, seeing that the

terms of comparison are unlike in all three cases. While

admitting that to be true, the comparison in other respects

is useful in the present connection.

In the Lower Carboniferous Rocks, as developed around

Edinburgh, eight or nine thousand feet of strata, which have

been formed under frequent changes of conditions, show

hardly any evidence of changes in their organic contents from

bottom to top. Whatever geographical changes occurred,

it is clear that they must have been of such a nature as to

leave no impress upon the organisms then living, in either

their embryonic or their adult stages of existence. The

Jurassic Rocks appear to have been formed under almost

identical conditions as these last—or, at any rate, the same

rapid changes from calcareous to either arenaceous or argil-

laceous types of sediment are of common occurrence in both,

as are also the repeated alternations of rocks formed in the

deep water of the sea with those deposited in one or other of

the estuarine and shallow-water conditions of a delta. But

there is hardly a platform in these rocks that does not con-

tain some distinctive or zonal fossil. Why should this be

the case in the Jurassic Rocks, and not the case in the

Carboniferous ?

The now well-known case of the Graptoliiic Mudstones of

the Moffat area presents even greater difficulties of the same

kind as these just noticed. Near Moffat there is to be seen

a group consisting chiefly of dark-coloured mudstones and

shales, which have long been celebrated as affording most

excellent and well-preserved examples of a great variety of

graptolites, which, by the way, are very rarely accompanied

by fossils of any other kinds. The total thickness of these

graptolitic mudstones is a trifle under 200 feet. By means

of the fossils they contain, these strata can be paralleled with

sedimentary (or other) rocks of quite different character, and
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of very much greater thickness, in areas at no great distance

from Moffat. The evidence, therefore, clearly points to the

inference that these dark-coloured, fine-grained mudstones

have accumulated at a very slow rate in deep water, on the

very outer margin of the main areas of deposit of sediments

of terrigenous origin.

It may be as well to state here, for the information of

those who do not happen to be acquainted with the geological

details of the areas specially under consideration, that one or

more important unconformities exist in several areas in the

midst of rocks belonging to the same periods as those at

Moffat here under notice. Notwithstanding this, there does

not appear to be any clear evidence of a break in the con-

tinuity of the deposits in question. They can, it is true, be

grouped by means of their graptolites ; and the result obtained

by this means is as follows:

—

Lowermost Silurian Rocks '.^—

C. BirkLill Shales. Thickness in Feet.

2. Upper Subdivision, . . 46

1. Lower Subdivision, . . 52

Upper Bala :

—

B. Hartfell Series.

2. Upper Subdivision,

1. Lower Subdivision,
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are yet more abundant on one platform than on any other

;

and (3) those which are absolutely characteristic of some

definite horizon, and are never found either above that or

below. For the purpose here in view (1) may be omitted,

and (2) and (3) may be treated together. I am much

indebted to my colleague, Mr Macconochie, for his friendly

help in this and many other matters pertaining to grapto-

lites. The list is as follows :

—

C2.

(c) Rastrites maximiis.

(b) Jloiiograptus spinigerus, J/, distans, Climacograptus

noi'malis, Petalograjytus Joliiim.

(a) Alonograpius clingani, Petalograpius coineta, Mono-

graptiis creriuLaris, Rastrites j^eregrinus, R. hyhridus.

C 1.

(c) Monograptus gregarius^ M. fiinbriatus, M. convolutus,

M. arge^iteus, M. trutngulatus.

(b) Dijjlograptus vesiculosus, Mo7iograp)tus cyphus, M.

tenuis.

(a) Diplograp)tus acicminatus, Dimorphograptus con/ertus,

D. elongatus, D. swanstoni.

B 2, and 1.

(e) Dicellograptus ancejys, D. truncatus, Diplograptus

foliaceus.

(d) Dicellograptus complanatus, Leptograpiu s Jiaccidus^

Diplograptus socialis, Amjyhigrapius divergens.

(c) Climacograptus tubuliferus.

(b) Pleurograptus linearis, Diplograptus quadrimucronatus,

Dicellograptus forchammeri, D. cliiigani, D. cadu-

ceus, Dicranograjytus rainosus, Climacograptus

caudatus.

(a) Cryptograptus tricornis, Diplograptus rugosus, Lasio-

graptus harknessi, Climacogi^ajHus scharenhergi, C.

wilsoni.

A 3, 2, and 1.

CliTnacograptus bicornis, C. jMlti/er, Hallograptus mucro-

natus, Thamnograp)tus typus, Dicranograptus rectus,



The Ccelentera in Relation to Geological Zones. 61

Glossograpt2is hincksii, Didyinograjotus superstes^ Cceno-

graptus gracilis, C. perfenuis, Dicellograptus sextans^

D. zic-zac, D. divaricatus, Diplograptus mucronatus,

D. hhnuci'onatus.

Below these, other graptolite faunas occur elsewhere ; and

others, again, occur above ; but with these we have at present

no particular concern.

The question remaining to be answered after the fore-

going facts have been duly considered is this :

—

If, as is believed to be the case, the sea-bottom in the

area now represented by Moffat presented nearly uniform

conditions throughout the entire period during which these

graptolite-bearing mudstones were being formed, how has

it happened that so many and important changes in the

animal life of the period were brought about ? There is no

escaping the conclusion that this small thickness of sedi-

ments represents the whole of the deposits formed there

throughout a period of immense length, during which im-

portant changes of geographical conditions, and equally

important changes in the organic world, are known to

have taken place elsewhere.

It seems to be certain that the whole of the life of the

graptolites cannot have been passed at or near the bottom of

the sea. Had this been the case, it is inconceivable that

repeated changes, such as occur in the fauna, could have

followed each other so closely in an area where the condi-

tions affecting life remained uniform.

If, on the other hand, we may assume that graptolites

resembled most of the Ccelentera in passing the earlier stages

of their existence at or near the surface, as free-swimming
fry, it may be possible to find a solution of what has long

remained an enigma to geologists and palaeontologists alike.

We have but to assume that the fry of certain species of

graptolites were vitally affected by any lowering of the tem-

perature of the sea-water by which they were surrounded,

and that the temperature of the ocean-surface was liable to

variations, such as might be caused by the changes in

direction of the oceanic surface currents. Such of the fry
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as were sensitive to changes of this kind, either by the

direct influence of the cold, or by its indirect influence upon

the plankton which furnished their food-supply, were either

killed off, or else escaped extermination by drifting to other

areas. Other species, whose fry were not affected by these

changes, passed to the adult stage, and took their place at

or near the sea-bottom. The descendants of those who were

expatriated may very well have been long before they made
their way back ; and it is quite conceivable that such forms

might, in the meantime, have undergone some modification

and have developed into new species— perhaps with different

susceptibilities in the matter of cold.

This explanation appears to me to harmonise well with

the facts, and it has the further advantage of calling the

attention of palaeontologists, and also of biologists in general,

to the importance of taking into fuller consideration than

has yet been done the share taken by different temperatures

of the ocean surface-water in developing, or retarding, the

welfare of many other animals whose earlier life-stages are

passed near the surface of the sea.

I have elsewhere^ suggested that the remarkably wide

vertical range of the fauna of the Lower Carboniferous

Rocks is capable of explanation on the assumption that the

sea-surface varied but little in temperature at any time

throughout the whole of that period, and that none of the

animals were killed off during the early stages of their

existence, as must have been the case had the range been

otherwise.

On the other hand, we may, on the same ground, assume

that a similar explanation to that given above in connection

with the Proterozoic Graptolites may be applied also to the

zonal fossils of the Jurassic Rocks, and especially to the

Ammonites.

It remains for us to consider whether these oscillations of

surface temperature can be connected in any way with

secular causes, such as the Precession of the Equinoxes.

1 Trans. Geol. Soc. Glasgow, vol. xii. pp. 34-38 (1902).
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IV. Oti a Simple Decimal Scale for Biological Work.

By J. G. GooDCHiLD, H.M. Geological Survey, F.G.S.,

F.Z.S.

(Kead 16th April 1902.)

Those who are doing practical work in biology, or in other

departments of natural science, often require to make a

series of relative measurements relating to the different

parts of some object under consideration, and to state the

dimensions so obtained in the form of fractional lengths of

some part which has been selected as the unit of comparison.

The methods of craniometric measurement proposed by

Huxley in his well-known essay on the Canidse {Proc.

Zool. Soc, 1880, p. 238), afford typical examples of the kind

referred to. This method of comparative measurement has

long been in general use in connection with many other

branches of biological investigation, and no one who has

employed it can feel any doubt regarding its practical utility

But where a large series of measurements of such objects as

the skulls of some particular species have to be made, and

there happens to be much disparity in regard to the absolute

size of each of the individuals under examination, the

methods usually adopted are apt to prove somewhat un-

satisfactory, and their application requires a considerable

expenditure of labour and time. There is, therefore, need

for some improvements upon the mode of working usually

adopted.

Similar requirements having arisen in connection with

some crystallographic work relating to Scottish Mineralogy,

I have been led to employ some methods of work which, after

having been put well to the test of practical application,

have been found to answer their purpose very well. A
short description of these methods may, therefore, be accept-

able to fellow-workers in science.

The object in view may be stated thus :—Given a certain

line of variable length, chosen as a unit, to ascertain the

relative lengths of certain other dimensions, so as to be able

to state their proportions in relation to the unit chosen in
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the form of either fractions or that of decimal parts, if need

be, to three places of decimals.

For the latter requirement some modification of the " Line

of Lines," given on the sector which is usually supplied as

part of a set of mathematical drawing instruments, will often

answer the purpose. The sectoral lines on the instrument

referred to are, however, usually too much crowded to be of

practical use, and the scale, moreover, is far too small for

the purposes at present in view. My own plan, therefore,

has been to take a well-made boxwood two-foot rule, such

as is used by carpenters, choosing for the purpose one with

a really good joint. With a scraper and some glass-paper

first erase the figures on one face of the rule, and then rule

two lines on the cleared face from the centre of the joint

outwards to the middle of each of the opposite ends, taking

the lines on to the metal with which the end of each limb is

tipped. With a fine drill, or by other means, make small

holes at the end of these lines at equal distances from the

centre of the rule. These will serve to fit needle ends into,

for use when the measurement of the unit is to be made with

calipers, or for the points of ordinary dividers in'the cases

in which the measurements are to be made with these

instruments. Between these terminal holes and the centre

of the rule, divide the space into tenths, and these, in turn,

into hundredths, and figure the larger divisions, counting

from the centre outwards, in the usual way.

To use the instrument, first open the rule so that the

distance between the terminal holes, or between the needle

ends fitted into them, exactly corresponds to the particular

length chosen as a unit in the case of the individual speci-

men under examination, and fix the rule in that position.

Then, with the calipers or dividers opened to the dimensions

whose proportional length in relation to that unit is required,

measure across the opening to points at equal distances

from the centre, and note the figures in the usual manner.

Direct reading gives the figures to the second decimal

place, while the third, if required, can easily be arrived

at by estimation.

It may happen, in some cases, that the proportion under
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consideration may exceed the length chosen as a unit.

Where that is likely to be the case, the same method can

be applied by means of a folding rule, which offers no

practical difficulty in use.

I have found that much time can be saved, and the work

done in a more trustworthy manner, by employing the scale

constructed in the following manner :—A large sheet of good

drawing-paper, hot pressed, is mounted upon a drawing-

board, which should have a clear margin of a foot on each

side. A iine needle is fixed vertically in the board at about

nine inches from the margin at the bottom left-hand corner

of the paper. On the right-hand side is to be fixed a metre

scale, with its greatest length parallel to the right-hand edge

of the paper. Then with a fine-edged HH pencil, and a

steel straight-edge kept in touch with the needle on the left

and with the decimal divisions on the scale to the right,

draw the lines across the paper. The decimetre divisions

can be carried right up to the left-hand edge ; but as the

lines are apt to be crowded if drawn at too close intervals,

it is well to stop the centimetre lines short of the edge.

The millimetres, of course, can only be drawn to a short

distance from the pattern scale.

It is advantageous, in many cases, to draw the decimetre

divisions in some coloured ink with a fine ruling pen. These

are afterwards numbered at both ends of the paper, and in

the middle as well, so as to save trouble in identifying the

divisions.

To use the scale :—Set a small straight-edge on, or below

and parallel to, the base line of the scale, and against that

work a set square to the right or the left until its edge cuts

the scale at the width chosen as the unit length. A fine-

pointed pair of dividers, set to the length whose proportion

is to be estimated, will, when applied to the scale along the

edge of the set square, show at once the relative length of

the distance under consideration, to two places of decimals,

or even to three, of the length chosen as a unit.

I use, also, a scale divided into "vulgar fractions" for

VOL. XV. F
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crystallographic work ; but this mode of division, thongh of

great importance in crystallographic work, is not needed in

biology. It is drawn by measuring off tangents on the metre

scale regarded as of the length of the radius. Its construc-

tion presents no difficulty.

V. Observations upon the Bathymetrical Distribution of

Beef-huilding Corals. By J. G-. Goodchild, H.M. Geo-

logical Survey, F.G.S., F.Z.S.

(Bead 16th April 1902.)

One of the principal arguments upon which "Darwin's

Theory of the Origin of Coral Eeefs " is based, is that reef-

building species of corals cannot live below a certain depth

from the surface. This depth is variously stated: some

authors setting the figure at 25 feet, while others give it at

as many fathoms. A few writers on the subject admit a

possible downward limit of growth at 40 fathoms. All agree

that the depth, be it what it may, is comparatively small as

compared with the depth to which many other species of

corals, not reef-builders, may extend and thrive.

It must strike any thoughtful reader of these statements,

regarding the downward limit to which reef-building corals

can flourish, that some of the figures are rather more of the

nature of vague estimates of what is likely, than statements

of facts actually observed. It would seem, indeed, as if no

actual proof has ever been advanced. The statement, again,

which is usually given in books, that reef-building corals

thrive best in sea-water at depths between 6 fathoms and

10, is also of too general a nature, and needs to be used with

caution, and with special reference only to the particular

locality where the observations were made upon which that

statement was founded.

On the whole, therefore, it appears safe to conclude that

no really trustworthy statements relative to the depth, in

general, at which reef-building corals can live, have yet been

made—or, at any rate, none that can be applied to all the

cases likely to be met with. It will probably be found,
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when the subject comes to be more carefully investigated,

that the depth in question, instead of being one of tolerable

uniformity, as it appears to be generally assumed is the case,

is one that is subject to a very wide range. What is true of

one particular area by no means necessarily applies even to

the areas adjacent, and may be very far from the truth in

connection with other parts of the ocean.

In all probability other factors than mere depth below

the surface will have to be taken into account in discussing

any problems connected with the bathymetrical distribution

of reef-building corals. That such must be the case is

obvious from a consideration of the various causes which

limit the growth of the adult coral at or near the surface.

Amongst these causes, the salinity of the water, its com-

parative freedom from suspended particles of terrigenous

origin, the degree of oxygenation of the water, the nature

and extent of the plankton present, and perhaps also the

amount of light, are all of them factors which need to be

taken into account in dealing with the adult corals, as much

as they do in connection with their earlier stages as free-

swimming, pelagic fry. As in the case of the earlier stages in

the life-history of the coral animals, so with their welfare when

adult, the important factor of temperature plays a considerable

part. It seems to be proved beyond question that in both their

earlier and their later stages of life, coral animals are very

susceptible to cold. If at any time, and under any circum-

stances, the temperature of the sea-water by which they are

surrounded falls below 65° Fahr., the corals cannot thrive.

It is, of course, obvious that this remark does not apply to

corals of every kind, for many species of corals can thrive in

water whose temperature is only a trifle above the freezing

point. These same corals also do well at ocean depths down

to five miles, at which great depth, notwithstanding the

increased solvent power produced by the great pressure,

their coralla long remain uncorroded. But it seems to be

a well-established fact that reef-building species of coral

cannot thrive in water whose temperature at any time falls

below 65° Fahr. It is not the maximum, nor the mean, but

the minimum temperature which influences their welfare.
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Whether this sensitiveness to cold is due to constitutional

causes affecting the whole assemblage of species who have

acquired reef-building habits, or whether it is due to a

reduction of food-supply, to a combination of these causes,

or to others not yet suspected, remains to be proved. But

there seems to be no doubt regarding the fact itself, explain

it how we may.

If the animals that form coral reefs cannot maintain an

existence at any place where the temperature of the sea-

water in which they are found falls, at any time, below 65°

Fahr., we can readily understand how it is that no coral reefs

occur in marine areas where the surface temperature reaches

a high mean, but is subject to periodical falls below the

grade mentioned. The influence of the terminal portions of

many of the oceanic cold currents in periodically lowering

the surface temperature of areas where the temperature is

usually high, will illustrate this point. The cold Peru

Current, off the west coast of South America, and the

Antarctic Drift oft the west coast of Australia, are good

examples of the causes referred to.

On the other hand, if it can be shown that temperature

always above the minimum of 65° Fahr. is the chief factor

concerned, one can readily understand how it happens in

certain areas that corals thrive well down to a certain small

depth, and below that can no longer live. The explanation

is that the warm water, in this case, forms but a com-

paratively small surface film, below which the water is too

cold for the welfare of the corals.

In other cases, the depth of water at the temperature of

65° Fahr., or above that, may be much greater, and may,

indeed, as is now very well known through the results of the

Challenger Expedition, in many cases extend to considerably

below 100 fathoms.

A reference to Dr Buchan's Map No. 3, in the volume of

the " Keports of the Challenger Expedition " which deals with

Oceanic Circulation, will show that there are five areas over

which conditions of temperature suitable for the growth of

reef-building corals occur at depths exceeding 100 fathoms.

One of these extends into the North Atlantic, north of the
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Antilles. A second occurs in the South Atlantic, outward

from the coast of Brazil. A third area, about the size of

Australia, extends through the Indian Ocean eastward from

Madagascar. A fourth lies just north of the Equator, in the

centre of the Pacific. The fifth, largest, and most important

in this connection, occupies an extent fully equal to that of

South America, and it lies on the eastern side of the Indian

Archipelago. Its extent is, in fact, nearly coterminous

with the principal area of coral reefs of the western part of

the Central Pacific. Over the whole of these areas the sea-

water, to a depth of 100 fathoms, has a temperature above

65° Fabr., and, indeed, over a large part the temperature

ranges to ten or more degrees above that at the depth

named.

As plankton abounds under these conditions, and as the

sea-water has its normal salinity, is virtually free from

suspended terrigenous matter, and as it contains the usual

percentage of dissolved oxygen, there seems to be no valid

reason why reef-building corals should not thrive as well

there as in the bathymetrical zones which are nearer the

surface. It yet remains to be proved that they do not do so.

No one has yet advanced any evidence to the contrary.

This being the case, it is obvious that some of the data

employed as arguments for, or against, either Darv/in's or

Murray's Theory, will need reconsideration before they can

be used again.
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VI. On the Prehistoric Horses of Europe and their Supposed

Domestication in Palmolithic Times. By Egbert Munro,

M.A., M.D., LL.D. [Plate L]

(Read 19th February 1902. Appeared also in The Archceological Journal^

June 1902.)

During the earlier stages of man's career on the globe,

nomadic families or tribes, in selecting a temporary place of

abode, whether a cave, rock-shelter, or hut, would be influ-

enced chiefly by the amount of edible materials to be found

in the neighbourhood. As, however, fruits and other natural

products came to maturity only at particular seasons of the

year, their visitations to special localities would be regulated

accordingly. For this reason we find primitive races wander-

ing from one locality to another, now gathering fruits and

seeds, now hunting wild animals, or, as a last resource,

feeding on shell-fish and other produce of the sea-shore.

But the most successful of all methods for equalising and

supplementing their precarious food supplies was the result

of that happy thought which led them to cultivate grain,

and to rear animals, either for their milk, or to be kept alive

till such time as they were required for food. It is not

necessary to suppose that the practice of domesticating

certain animals was a monopoly of any single race, as its

advantages are so manifest that they may have been recog-

nised and practised by more than one community independent

of each other, just as the llama and alpaca were already in a

state of domestication before the discovery of America by

Europeans. The onward march of civilisation is only

partially affected by changes in the environment, so that it

is quite possible for two or more branches of the human
family to progress on parallel lines, under reasoning faculties

derived from a common origin, and to evolve analogous

civilisations, without being influenced by each other's ways

and means. On a retrospective glance at the successive

civilisations which have flourished in the past, and on the

ruins of which modern civilisation has been constructed,

there are certain great discoveries, bequeathed to us from
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our early forefathers, which have ever since cootinued to be,

as it were, the backbone of all social communities. Of these

outstanding features in the evolution of present humanity,

agriculture and the domestication of animals are, next to the

invention of tools and weapons, the most important.

Before discussing the problem of the domestication of the

horse from the standpoint of archaeology, which is the main

object of this paper, there are a few interesting facts bearing

on the history of that animal to be gleaned from palaeon-

tology which, being of a preliminary nature, will be first

disposed of.

Palj^ontological Notes.

From a study of the progressive changes in the limbs of a

few extinct genera and species of Equid^e, the genus Cahallus

can be traced back to an animal having five toes on each

foot, which lived in the early Tertiary period. From this

starting-point palaeontology demonstrates a succession of

species, each, as it were, gradually dispensing with the toes

on both sides of the middle digit, till, ultimately, the latter

alone remained, as is the case with the horse of the present

day. The undoubted object of this remarkable specialisa-

tion of the middle toe was to secure greater speed ; but, as

the highest limits of perfection were soon reached on this

line of development, the horse must now be regarded as a

terminal form of life. In fact, Nature has inveigled this

noble solipede into a cul de sac, from which it required

human intelligence to extricate it—a remark which will be

referred to later on. Pari passu with these transition stages

in the development of the horse since Eocene times, there

has been a gradual increase in the size of successive species.

The genus Hipparion was widely represented in Europe,

Asia, and America during Pliocene times; but from this

point, probably owing to geological changes, the development

of the subsequent horses of the Old and New Worlds seems

to have been independent of each other. Palaeontological

researches show that on the American continent they con-

tinued to flourish abundantly in Quaternary times, as, accord-
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ing to Sir Charles Lyell ("Principles of Geology," llth ed.,

vol. ii. p. 340), remains of no less than twelve species, referred

to seven genera, have been discovered in the Pliocene and

Pleistocene formations of that country ; but to what extent

they resembled or differed from those of the Old World I

am unable to say. This is a most interesting point in the

evolutionary history of the horse, and one which I should

like to see handled by some competent palaeontologist. To
find, however, an exact parallelism in the development of

these animals on both sides of the Atlantic would not at all

surprise me, because, since the days of the Hipparion, there

was only one outlet by following which higher efficiency

could be attained on the natural lines of horse develop-

ment. These lines have been followed, and, for a time, the

results were successful. As to the ultimate fate of these

American horses, the following remarks by Flower and

Lyddeker ("Mammals Living and Extinct," 1891, p. 381)

may be quoted with advantage :
—

" Fossil remains of horses

are found abundantly in deposits of the most recent geo-

logical age in almost every part in America, from Eschscholtz

Bay in the north to Patagonia in the south. In that con-

tinent, however, they became quite extinct, and no horses,

either wild or domesticated, existed there at the time of the

Spanish conquest, which is the more remarkable, as, when
introduced from Europe, the horses that ran v^ild proved by

their rapid multiplication on the plains of South America

and Texas that the climate, food, and other circumstances

were highly favourable for their existence. The former

great abundance of Equidae in America, their complete

extinction, and their perfect acclimatisation when reintro-

duced by man, form a curious but as yet unsolved problem

in geographical distribution."

As to the causes which led to the extinction of the

American horses, I believe a satisfactory explanation will

be found in the fact that, after coming to the end of their

evolutionary tether in the attainment of speed—the sole

means by which they could escape from their enemies

—

they fell an easy prey to one or more of these enemies, who,

meanwhile, had succeeded in improving their methods of
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warfare in the struggle of life. Possibly these same vic-

torious enemies may have, in their turn, met with a just

retribution, as in devouring the horses— probably their

only means of subsistence—they were erecting their own

gallows.

Professor Owen has shown (" British Fossil Mammals")

that the fossil remains of the horse, found in ossiferous

caverns and Post-Pliocene deposits of Europe, indicate two

species. One {Equus caballus) was as large as a middle-

sized horse of the present day, and the other {Eqiius

plicideiis) was of the size of a large ass, but differing from

the former, as well as from the modern horse, in the more

complex foliations of the enamel on its molar teeth. The

"fossil horse," he writes, "had a larger head than the

domesticated races; resembling in this respect the wild

horses of Asia described by Pallas." Also, after stating

that several of the equine teeth from Kent's Cavern indi-

cated a large horse, he adds, " but the size of the fossil

species would be incorrectly estimated from the teeth alone."

Of the correctness of these statements by Professor Owen,

and their agreement with subsequent observations derived

from different sources, we shall afterwards have an oppor-

tunity of judging. On the other hand, Cuvier and other

naturalists declared their inability to detect any specific

difference between the fossil horses of Quaternary times and

Equus caballus. According to their views, all the differences

that had been observed could be accounted for by a difference

in the size of the animals compared.

Horses of the Palaeolithic Period in Europe.

During the Quaternary period wild horses were indigenous

to Europe, and formed no small portion of the food of its

human inhabitants, as well as of some of the larger car-

nivorous animals which then also inhabited the country.

The evidential materials on which this statement is founded

are so ample that it will be unnecessary to refer to more

than a few selected examples.

Dr Buckland ("Keliquias Diluviame," 1824, pp. 1-47)
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includes the horse among the twenty-three species of

animals identified among the bones found in Kirkdale Cave,

Yorkshire, but its remains are few in comparison with those

of some of the others represented, such as the hysena, tiger,

bear, wolf, elephant, rhinoceros, hippopotamus, ox, deer, etc.

Eemains of the hyfena, representing from 200 to 300 indi-

viduals, were most abundant ; and next to them came those

of the ox and three species of deer. From such evidence

Dr Buckland came to the conclusion that the cave was the

den of hyaenas; and, as no complete skeleton of any of the

larger animals had been found, he inferred that the hyaenas

carried their food piecemeal into the cave.

My next example is the w^ell-known station of Kent's

Cavern, near Torquay, which differs from the former in

having been a habitation of man, as well as a retreat for

carnivorous animals. Among the animal remains found in

this cave, those of the cave-bear, cave-lion, rhinoceros, bison,

stag, and reindeer are stated to be abundant; while those of

the hyaena and horse are characterised as very abundant.

The copiousness of the bones of the horse is probably

accounted for by the fact that the animal was most success-

fully hunted by the human troglodytes who were also in the

habit of introducing the produce of the chase into the cave.

The implements, tools, and weapons collected, in addition to

the food refuse, prove that man's sojourn in Kent's Cavern

was of long duration, though not continuous.

From a table published by Professor Boyd Dawkins

(" Cave Hunting," pp. 360, 361) of the Pleistocene animals

living to the north of the Alps and the Pyrenees, it appears

that remains of the horse were found in thirty-one of the

forty stations tabulated.

The Palaeolithic caverns of Belgium have been so well

explored, and the results so systematically arranged, that

the anatomical facts bearing on the present inquiry can be

mastered with the greatest ease. From a series of tabular

statements by M. E. Dupont, published in his special work

on the subject (" L'Homme pendant les Ages de la Pierre

dans les Environs de Dinant-sur-Meuse "), I have compiled the

accompanying abstracts of the prevailing fauna represented
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in seven of the Belgian caves with which worked iiints and

other relics of man were associated.
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implements, especially spearheads in the form of a laurel

leaf, and by the abundance of horses and reindeer which

then inhabited the country. Human occupancy was indi-

cated by a number of hearths, around which characteristic

implements of flint and reindeer-horn were found. The

surrounding debris consisted almost entirely of broken

bones, chiefly those of the horse and reindeer, evidently the

remains of animals that had been used as food by the occu-

pants. Encircling the south side, the bones of horses were

amassed in such an enormous quantity as to form a kind of

protective wall to the settlement. According to MM. Ferry

and Arcelin, a cubic metre of this osseous magma contained

40 entire canon bones of the horse, and on this basis they

calculated the number of individuals represented in the

entire mass at 2122. Others, however, estimated them at

a much higher figure, Professor Toussaint, of the Veterinary

School at Lyon, bringing the total up to 100,000 at least.

Of the fauna identified at Solutre, besides the horse and

reindeer, the following may be mentioned as evidence of the

palaeolithic character of the station :

—

Elciihas primigenius

(portions of tusks, teeth, and bones in considerable quantity

scattered throughout the debris) ; Bos primigenius (fragments

of bones scattered about the hearths) ; Cervus Canadensis

(formerly taken for Megaceros) was identified by M. Dupont,

who had frequently found remains of this animal in the

Belgian caves ; Ursus arctos (a tooth and some rib-

fragments) ; Ursus spekeus, Canis lupus, Canis vulpes, Hycena,

spelma, etc.

Throughout a portion of the area within the settlement

(and also outside of it) there were some human burials, the

bodies lying sometimes immediately over the hearths, but

generally at various depths in the debris. Here all the

materials were greatly disturbed, pottery and palaeolithic

implements being so intermingled that at first it was thought

the burials were those of the primary occupants of the station;

but subsequent research showed that they were of compara-

tively recent date, probably of Merovingian times. It is un-

necessary to say any more on the archseological phase of this

station, as it is only with its remarkable accumulation of
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horse bones that we are at present concerned. The bones

were so broken for extracting the marrow, that it was with

difficulty a complete skeleton could be constructed for the

museum at Lyon.

According to M. Toussaint, the horse of Solutre was of

low stature, the average height being from 1*36 metres to

1'38 metres. The lower jaws were highly developed, and

the teeth were so large that they might readily pass as

belonging to animals of much greater size. This relatively

large size of the head, in proportion to the rest of the body, is

in striking agreement, as we shall afterwards see, with the

engraved figures of horses found in some of the Dordogne

caves. The bones of the limbs were strong, with large arti-

culations, prominent muscular attachments, and broad hoofs.

One noteworthy peculiarity of the leg bones, specially re-

ferred to by M. G. de Mortillet (*'Le Prehistorique," p. 383), is

that the metacarpal and metatarsal vestigial bones were not

united to the main bone, as is the case with modern horses

—

thus establishing an intermediate link "between the latter

and the Jiipparion.

In the reports (" Eeliquiie Aquitanic^ ") of the investiga-

tions conducted by MM. Lartet and Christy in the caves of

the Yez^re (Dordogne), the fauna are not so fully described

as to show the relative number of the different species. On

p. 172, M. E. Lartet enumerates the animals whose bones

were found in greatest abundance in the caves of La Made-

laine, Laugerie, and Les Eyzies ; from which it will be seen

that Uqmis caballus heads the list, followed by Sus scrofa,

Cervus tarandus, G. elaphns, G. capreolus, Megaceros, hibernicus,

etc., but of course this may not be the order of their relative

abundance. On p. 181 M. Lartet gives lists of the Mam-
malia identified from among the osseous remains found in

seven caves of the Vezere, and all of them, except one, con-

tained remains of the horse. The same author states (p. 94),

with regard to the fauna represented in the rock-shelter of

Cro-Magnon:—"As for the horse, its remains are the most

numerous here at Cro-Magnon, where it must have consti-

tuted the chief article of food for the people of the period."

We may therefore safely conclude that during the reindeer
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period the horse was by no means a scarce inhabitant of the

south-west regions of France.

But, en revanche for the deficiency in our knowledge of

the fauna of the Dordogne caves, we have, in the handicraft

products of their inhabitants, another source of information,

viz., a series of representations of animals (evidently those

with which they were familiar in their hunting expeditions)

engraved on fragments of bone, ivory, or stone, or sometimes

sculptured out of bone or reindeer-horn. Since the investi-

gations of M. Lartet and Christy, similar drawings and

sculptures have come to light from a number of other caves

throughout France and Switzerland, the whole now culmi-

nating in a collection of over three hundred specimens

illustrating the social life of the period, more especially

animals and hunting scenes, the former being portrayed

with singular fidelity and artistic skill. Among the animals

represented in this remarkable art gallery, the horse takes a

prominent place. Numerous illustrations of horses, chiefly

from La Madelaine, engraved on reindeer horns or bones, are

given in " Pteliqui^ Aquitanicse " (B. PI. IL, VI.-VIL, IX.-

X., XIX.-XX., XXIV., and XXX.-XXXL), all of which

unmistakably represent big-headed animals (PI. I. Fig. 1),

with the exception of one or two which show a small head,

sharp muzzle, and long ears. The outlines of a horse (PI. I.

Fig. 2), engraved on a piece of reindeer-horn found in the

Kesslerloch Cave, near Schaffhausen, and figured by Mr
Konrad Merk (" Excavations at the Kesslerloch," 1876, p. 50,

and figs. 66, 68, and 70), also show a small-headed animal.

It is thus described by Mr Merk :
" The well-formed head

—

rather long, with small ears—the upright mane, the graceful,

well-formed body, the elegant and lightly-formed feet, and

especially the remarkably thin tail, reaching nearly to the

ground, represent, without doubt, a young, well-bred animal."

This Kesslerloch horse must, therefore, have been a very

different animal from the clumsy rough pony, with its

shaggy tail and big, ugly-looking head, figured on bones and

horns from La Madelaine. M. G. de Mortillet suggested

(" Materiaux," 1867, p. 210) that there might have been also

a race of horses with very long ears.
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These indications of the existence of at least two kinds of

horses during the reindeer period, thus brought before us by

the art products of the native hunters, as well as by the

osseous remains of the actual animals, have been further

elucidated by the recent discovery of large engravings, and

even coloured paintings, of various animals, on the walls of

some newly-explored caves in the south of France, m.ore

especially those of Combarelles and Font-de-Gaune, both

situated in the Commune of Tayac (Dordogne), and within

a short distance of the celebrated station of Les Eyzies.

Obscure indications of this kind of art had been observed,

as early as 1875, in the cave of Altamira, near Santander, in

the north-east of Spain. Subsequently, and at various

intervals, more decided examples were notified in the caves

of Chabot (Gard), La Mouthe (Dordogne), and Pair-non-Pair

(Gironde), in all of which figures of horse-like animals

occurred, associated with those of other animals regarded as

characteristic of the Palaeolithic period.

With regard to these earlier discoveries, I have only space

for a short notice of two horse-figures engraved on the walls

of the cave of La Mouthe {Bull, de la Soc. d'Anthropologie,

3rd June, 1st July, 4th and 18th November 1897, 19th

October 1899, and 17th October 1901). The exploration

of this cave has been conducted by M. E. Eiviere at various

periods since 1895, with the happiest results. It seems that

about fifty years previously the cave, then presenting an

open recess facing south and extending some 12 metres

inwards, had been formed into a kind of storeroom by

building a wall in front, leaving only a door for access. Its

contents, said to contain decayed bones and fiint imple-

ments, had been utilised as manure. In April 1895 it was

ascertained, for the first time, that the cave was not limited

to the space occupied by the storeroom, as, on clearing out

a small portion of the debris still remaining at its inner end,

a semicircular opening 0-37 m. in height and 0"62 m. in

breadth was discovered. This passage led into * wider ex-

pansions for some 220 m. farther. It was on the walls of

this inner portion that the engravings now under considera-

tion were detected. On the 17th October 1901, M. Eiviere
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laid before the Anthropological Society correct drawings of

some of these wall decorations, clearly representing the

Fig. 1.—Sketch of Horse engraved on tlie Wall of the

Grotte de La Mouthe.

following animals, viz., bison, Bovidse, reindeer, goat, mam-

moth, and two Equid?e. The figures of these horses were

incised on a panel 128 m. from the entrance. The first

(Fig. 1) represents an animal with a small head, slender

Fig. 2.—Head of a Horse (Grotte de La Mouthe).

neck, and well-formed fore- quarters; but the posterior half

is heavy and altogether out of proportion. The other (Fig.

2) has a stout neck, a long head directed almost vertically,

and a hairy chin. Whatever may have been the defects of
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the artists, the originals of these two drawings must have

been very different animals.

At the outset some doubts were expressed with regard to

the authenticity of these rock-engravings, but M. Eiviere

has successfully dispelled all misgivings on this score by
showing, among other evidence, that the figures were partly

covered by the debris accumulated in the cave :
'' Cependant

lis se prolongeaient aussi sous I'argile rouge qui constitue le

sol de la grotte, a partir d'une certaine distance de I'entree,

et dont le niveau superieur depasse generalement I'extremite

des pattes des animaux graves" {Bulletins, vol. viii., 4th

Series, p. 314). M. Eiviere has also shown that the cave

had been occupied by man both in the Palaeolithic and

Neolithic periods, the two strata being separated " par une

stalagmite plus ou moins epaisse." Among the ISTeolithic

debris were fragments of coarse pottery, and bones of various

animals, including the horse, stag, and a small-sized ox.

On the 16th September 1901, MM. Capitan and Breuil

submitted a joint note to the Paris Academy of Sciences on

"A New Cave with Wall Engravings of the Palaeolithic

Epoch." This was followed, a week later (23rd September),

by a second note by the same explorers on " A New Cave
with Painted Wall Figures of the Palaeolithic Epoch." A
noteworthy distinction in the art illustrations of these

two caves is that one (Combarelles) has its walls adorned,

almost exclusively, with engravings cut more or less deeply,

and the other (Font-de-Gaune) with paintings in ochre and

black, or sometimes only in one colour, forming real sil-

houettes of the animals thus depicted.

The total number of figures in the painted cave (Font-de-

Gaune) is 77 : aurochs, 49 ; indeterminate animals, 11 ; rein-

deer, 4 ; stag, 1 ; Equidae, 2 ; antelopes, 3 ; mammoth, 2

;

:geometrical ornaments, 3 ; scalariform signs, 2. As, however,

these paintings are not yet published, we can form no opinion

on the special characters of the two Equidae included in the

above list. On the other hand, some of the engravin*>s in

the cave of Combarelles have been carefully copied and
published (Academie de Sciences de Paris, Dec. 9, 1901

;

Bevue de VEcole d'Anthropologic, Jan. 1902) ; and as they seem
VOL. XV. G
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to me to have an important bearing, not only on the question

of the different kinds of horses, but also on that of their

domestication, I shall examine the evidence with some care.

The cave of Combarelles, supposed to be the dried bed

of a former subterranean stream, extends, in the form of a

serpentine tunnel, to 234 m. in length, with an average

breadth of 1 to 2 m. and a height of 1-60 to 1-75 m. Only

exceptionally does the height reach, or go beyond, 2 m., but

sometimes it sinks so low that one has to creep to get along.

The floor and roof, are occasionally so much encrusted with

stalagmitic deposits as to modify the original height con-

siderably, but the walls are rarely covered with more than a

film, which, in some parts, is absent altogether. The en-

gravings begin at a distance of 118 m. from the entrance,

and are continued, on both sides, with only slight intervals,

for 100 m. to within a few yards of the terminal end of the

cavern. The average breadth of these tableaux is 1'50 m.

When the reduced drawings were completed and extended

on paper they formed a band 12 m. in length and 10 to 12

cm. in breadth. The lines delineating some of the figures

are incised up to a maximum depth of 5 to 6 mm., and over

them the stalagmitic film sometimes attains such a thickness

as to completely mask the design. On the other hand, the

incised lines are occasionally made more conspicuous by the

addition of a thin band of black paint, as seen in Fig. 3.

The figures represent animals in various attitudes, and the

style, as well as the manner of execution of the designs,

strongly reminds one of the reindeer hunters of La Madelaine

and other stations of the later Palaeolithic period.

The total number of animals outlined, so far as they could

be distinctly made out, is 109 : animals entire but not

identified, 19 ; Equidse, 23 ; Bovidse, 3 ; bison, 2 ; reindeer, 3

;

mammoth, 14 ; heads of goats, 3 ; heads of antelopes, 4

;

heads of various animals, chiefly horses, 36 ; human face,

1 (•) ; cup mark, 1. These engravings betray so much artistic

skill, precision of details, and knowledge of animal life, that

MM. Capitan and Breuil regard them as precise documents

in Palaeontology. Equidse being the most frequent of all

animals figured in this cave, no less than 40 illustrations,
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representing at least two species, having been accurately

deciphered, archaeologists will be greatly interested to know

what the explorers regard as the differential characters of

these two species of horses. As this point is important, I

will quote their exact words :
—

" On pent nettement distinguer

au moins deux especes ties diff(^rentes. Les uns sont de gros

clievaux, a criniere ordinaire ment droite, a queue tres

fournie, a grosse tete et nez busque avec levres tres fortes.

'* D'autres sont beaucoup plus elances, plus fins ; la tete

est petite, la criniere, egalement droite et courte, arrive

jusque sur la tete qui est uotablement plus petite, le nez

parait bien plus droit que chez les precedents, enfin la queue

est implantee tantot plus bas, tantot au contraire plus haut,

comme celle des bovides; elle est glabre, souvent terminee

par une touffe de poils."

Since the characters of the two kinds of horses, as de-

scribed in the above extract, are in keeping with the more

or less precise evidence to the same effect gathered from

other stations of the same period, they may be at once

accepted as correct.

The above epitome of the results of the investigations of

ossiferous caverns, and other analogous deposits, sufficiently

proves that horses were very abundant in Britain and

Central Europe during the Quaternary period, and that they

formed no inconsiderable portion of the food of the people of

those regions. The geographical area thus surveyed might

have been extended so as to embrace the Iberian peninsula.

Eastern Europe, Asia Minor, the regions around the Caspian

Sea, as well as other parts of Asia ; but it would be merely

adding to the premises without strengthening the conclusions

founded on them. It may be here noted that the horse was

not an inhabitant of Scandinavia in Palaeolithic, or early

Neolithic, times, as no. remains of this animal have been

found in the kjokkenmoddings or peat-bogs of Denmark.

The Supposed Domestication of Horses in Pal^^:olithic

Times.

The next problem which claims attention is the supposed

domestication of horses during the later portion of the Palaeo-
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lithic period. The evidence on this question has such wide

ramifications that, to treat it empirically would be to trifle

with a most interesting series of anatomical and archaeo-

logical observations which have to be considered before any

opinion could be formed on the subject; and for this reason

we have to look a little afield.

Ossiferous caverns, from the point of view of their

contents, may be divided into two categories, according as

they show evidence of having been inhabited by man, or by

carnivorous animals, especially the hyaena. In those days

man and the hyaena had many common traits in their modus

Vivendi. Both were cave-dwellers. Both preyed on the

animal world around them, and when successful in the chase

they carried the carcass, or, if too large, portions of it, into

their respective retreats. Both were fond of juicy bones,

and, to secure the marrow, they broke them. But although

they had common objects, their methods of procedure were

very different. The hyaena broke bones with his powerful

jaws and teeth, and consumed all the spongy and carti-

laginous portions, leaving nothing but marrowless fragments.

One feature in the process is of some interest, viz., that in

gnawing certain bones they were always treated by this

carnivore in a uniform manner. Dr Buckland has shown

that the residuary part of the lower extremity of the tibia of

an ox, given to a Cape hyaena in Womb well's menagerie, in

1822, was precisely similar to portions of the corresponding

bones found in Kirkdale Cave ("Reliquiae Diluvianae,"

pi. xxiii.). On the other hand, man broke bones also in a

uniform manner by means of stone implements, which

implements are often found among the debris. Human
occupancy can thus be distinguished, not only by the pre-

sence of the stone hammers and the manner in which the

bones were broken, but by the fact that the general refuse

heap often contained some of the weapons used in the chase;

the tools by which these weapons were manufactured ; the

remains of the hearths at which the troglodytes cooked their

food, and around which they practised their marvellous art

instincts, etc. The human hunter, when he had to deal

with big game, cut up the carcass by detaching the limbs,

head, and sometimes a portion of the body ; and these he
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transported to his home. The spine portion appears to have

been generally left on the field, as vertebr* are seldom

found among the ossiferous debris in caves. M. Dupont,

after the manner so successfully adopted by M. Steenstrup

with regard to the mammalian bones of the kjokkenmoddings,

constructed drawings of the skeleton of a horse and a bear,

showing in colour the bones or portions of bones found in

caves inhabited by man (" Congres International, etc.," 1872,

pi. 76 and 77). Another peculiarity of osseous remains,

when treated by human carnivores, was that the spongy and

cartilaginous portions were not removed, thus presenting a

marked contrast to those encountered in the den of the

hysena, and in the Ivjokkenmoddings. With regard to the

latter, M. Steenstrup proved, by an ingenious chain of acute

observation and deductive reasoning, that the people who

formed these refuse heaps were in possession of domestic

dogs, which treated the refuse bones much in the same way

as the hyaena. ISTow, as the bones in the Belgian caves

inhabited by man were not so treated, we may safely con-

clude that there were no domestic dogs in those days, at

least in that part of Europe. M. Dupont ("Les Temps

Prehistoriques en Belgiques," p. 173) makes a curious point

with regard to the frequency with which certain caudal

vertebras of the horse were met with. He observes that out

of 157 of these bones found in the Trou de Chaleux, 18 were

those of the first 4 vertebrae, while 139 were pretty equally

distributed among the remaining 9 (the caudal vertebrae of

the horse being 13 in number). From these data he infers

that the hippophagous hunters were in the habit of cutting

off the tails of the captured animals between the fourth and

fifth vertebras and carrying them away, probably as trophies

of the chase, just as the modern huntsman prizes the brush

of a fox. The object of all these circumlocutionary details

is to show that the horse was hunted and dealt with, when

captured, precisely like other wild animals, such as the bear,

which has never yet been tamed, and that, consequently, the

animal was not then in a state of domestication. This

deduction seems to me to be founded on particularly sound

evidence ; but yet there is considerable difficulty in accept-

ing it as final.
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I have already directed attention to the extraordinary

abundance of bones of horses and reindeer at Solutre. Now,

with regard to the reindeer, thouoh the most useful of all

animals of the period to man, it was observed that only the

bones of the limbs, head, etc., were represented in the debris;

while, as regards the horse, those of the entire skeleton were

generally present, thus proving that the latter animal was

killed in the vicinity of the station, and not on the hunting

ground. On this exceptional condition of the horse-remains

at Solutre, Professor Toussaint, in a paper communicated to

the French Association for the Advancement of Sciences,

held at Lyon in 1878, maintained that the original owners of

these bones had been reared in a state of domestication. In

support of this theory he stated that the bones indicated

few old and still fewer young horses, most of them being

from five to seven years of age. But this fact M. Pietre-

ment ("Les Chevaux dans les Temps Prehistoriques et

Historiques," p. 94) regarded as most convincing evidence

against domestication; because in a troop of wild horses it

was always the most vigorous adults which occupied the

post of danger in the rear, so as to protect the younger and

weaker, and hence they were most liable to be caught.

Moreover, if these horses were really domesticated, and

simply reared to be slaughtered as required, it was not

necessary to keep them for seven years. At the end of

three or four years the animal was fully developed, and

more suitable for food then than at a more advanced age.

In opposition to M. Toussaint's argument, based on the

presence of the spinal vertebrae—the very absence of which

in other stations was the chief argument in support of their

non-domestication,—there is also something to be said. It

has been suggested that, in a district where horses evidently

flourished in great numbers, the animals were frequently

trapped and caught alive, and being easily cowed, could be

readily led to the station by a halter or bridle, so that it was

unnecessary to kill them on the hunting ground. Also, M.

Carl Vogt {Bull, de VInstitut G4nevois, 1869) holds that,

without the assistance of the domestic dog, it would be

impossible to keep a herd of reindeer or a troop of horses
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together. But the dog is not among the animals represented

by the osseous remains of Solutre.

I now come to discuss the

evidence recently advanced by

MM. Capitan and Breuil, in favour

of the domestication theory, from

certain characters and markings §^

observed by them on some of the

engravings of horses in the cave Fig. 3.—Horse Head with in-

o r\ ^ ^^ mi i
• ^ • dications of a Bridle, (i.)

01 Combarelles. Ihe subject is so

important that I must again quote their own w^ords :

—

" Plusieurs des equides figures presentent des caracteres de

domestication tres nets. Le grand equide reproduit (Fig. 4),

Fig. 4.—Engraviug of a Horse with supposed Cover. dVO

porte sur le dos, comme on le voit facilement, une large

couverture avec ornaments en forme de dents. Un autre

porte egalement une couverture tres nettement representee.

11 eu est autour du museau desquels il semble qu'il existe

une corde, enfin un des trois petits chevaux du groupe

Fig. 5.—Sketch of a Portion of the Wall of Combarelles showing
Different Animals. (About ^i^ natural size.)

ci-dessus (Fig. 5) indique porte—ainsi qu'on pent le voir sur

la figure, qui reproduit la tete de cet animal au tiers de

grandeur naturelle (Fig. 3)—un chevetre indique avec une
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precision tell qu'il n'y a pas d'erreur possible. Enfiu deux

animaux portent sur le milieu du corps des signes nettement

traces ; sur le fianc d'un cheval il existe un signe en losange,

et un autre animal, qui semble avoir des cornes, porte sur le

flanc trois signes qui ont un aspect alphabetiforme (Fig. 5).

" II est impossible de ne pas rapprocher cette particularite

des figurations grecques archaiques de chevaux portant un

nom grave sur les fesses.

" II parait bien vraisemblable qu'il s'agit sur nos betes de

marques de propriete ou de marques de tribus comme les

Wasms en usage chez tons les nomades du Sud algerien"

{Rev. de I'Ecole d'Anthropologie, p. 39, 1902).

The evidence here adduced in support of the theory that

these figures represent horses in a state of domestication is,

in my humble opinion, by no means so conclusive as the

explorers appear to imagine. It is founded on the supposi-

tion that some of the animals are represented as bridled and

draped with some kind of ornamental coveriag; and that

other animal figures are marked with well-defined characters,

which may possibly turn out to be letters of an alphabet

!

In face of what has already been said on the probability

of the horses of Solutre having been trapped or lassoed, and

so cowed in their capture as to be readily led to the hunter's

abode, I hesitate to accept these arguments as proof of

domestication, at least in the sense in which the term is

now used. The wild horses of South America, when lassoed,

are quickly tamed there and then by the application of more

or less violeut measures. If professed horse-tameis of the

present day can bring the most spirited and intractable

animal into a state of abject docility in a few minutes, why
should these wild hunters not do the same ? And if the^

did, what scene could be more reminiscent of success in the

chase, or more appropriate to adorn the walls of their

sombre retreats, than a captured, subdued, and bridled

horse ? Moreover, it is difficult to conceive what useful

purpose domestic horses could serve in a community in

which hunting was the main source of existence. Had they

been utilised for riding we would undoubtedly, ere now,

have had an equestrian representation of the fact, either
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among the varied assortment of objects in the Palgeolithic

art gallery, or among the scenes of animal life, so fortuit-

ously brought to light in the caves of Combarelles, La

Mouthe, and others. The supposed horse-cover represented

by Fig. 4 may be nothing more than the hunter's skin coat

thrown over the back of the animal, when led home by

means of a halter made of thongs or withes to be there

slaughtered. But seeing we have as yet only a preliminary

instalment of these most interesting art productions, it is

better to postpone further criticism until all the materials

are issued.

The history of the Quaternary horses of the Old World

is differentiated from that of their contemporary congeners

in the New World by the fact that the former lived in a

country where human intelligence was becoming a dominant

factor in the organic world. The outcome of man's experi-

ence of the many excellent qualities of horses, whether

gained during his early hunting scenes, or subsequently,

was to enlist the services of these useful animals in the

cause of human civilisation by bringing them into a per-

manent state of domestication. The far-reaching con-

sequences of this friendly alliance are now so manifest,

that the very idea of eliminating the co-operation of horses

from human affairs would be like sapping the foundations

of a building. As a quid j^ro quo for wild liberty, the horse

has received a guarantee of the indefinite prolongation of its

existence as a species. In consequence of this new lease

of life, the geographical range of the numerous breeds of

domestic horses is now almost co-extensive with that of man

himself. On the other hand, there is every reason to believe

that, without the fostering care and protection of man, the

Old World horses would, ere now, have met with a fate

similar to that which overtook those of the New World.

As to the time when horses became permanently domestic-

ated, there are different opinions held. Some archaeologists,

as I have just explained, assign it to the Quaternary hunters

of Europe. Others maintain that the horses of the Palaeo-

lithic period gradually died out in Europe, and that the

country was restocked in the Neolithic period by immigrants
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who imported domestic horses, along with the other domestic

animals, from eastern regions. But these questions fall more

naturally to be discussed in the next section, which deals

with horses in Neolithic times.

Horses of the Neolithic Period in Europe.

In following the footsteps of the horse through the

Neolithic period in Europe, we have to deal with a re-

markable transformation, not only as regards the cliniate,

flora, and fauna of the country, but in the modus vivendi of

man himself. It is difficult to account for the precise

cosmical conditions which in Quaternary times led to the

intermingling, on the same geographical area, of such different

animals as the mammoth, hippopotamus, rhinoceros, Irish

elk, cave-bear, hyaena, reindeer, horse, etc. But whatever

may have been the explanation, whether interglacial genial

periods, or great extremes of temperature in the summers

and winters, it is certain that subsequent climatal altera-

tions taxed the life-capacity of these strangely assorted

animals to a degree which ultimately became unbearable.

As the Glacial period passed away the climate became

ameliorated and more humid, a change indicated by the

prevalence of fruit trees, cereals, and herbaceous growths.

Coincident with these physical changes in Britain and

Central Europe, there was a general dispersal of the char-

acteristic fauna of the Pakeolithic period. Some betook

themselves to more congenial climates, according as they

inherited northern or southern proclivities, while a third

group disappeared altogether off the stage of life. Nor were

the consequent changes in the ways and means of human

economy less radical. We have just had one or two glimpses

of the old troglodyte-hunters of France, armed with weapons

of stone and horn with which they hunted the reindeer,

horse, and other wild animals. They manufactured fine

needles of bone, with which they sewed their skin garments.

They were fond of ornament, and adorned their persons with

a variety of beads and pendants made of teeth and coloured

pebbles. They were skilful artists, and they have left
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behind them a collection of engravings and sculptures which

bear a favourable comparison with analogous productions

of the present day. But of agricultural operations, the

rearing of domestic animals, the principles of religion, and

the arts of spinning, weaving, and making pottery, they

appear to have been absolutely ignorant. On the other

hand, the Neolithic inhabitants of the same regions culti-

vated fruits, wheat, barley, and other cereals ; they reared in

a state of domestication oxen, sheep, goats, pigs, horses, and

dogs ; they were skilled in the ceramic art, and manufactured

cloth by spinning and weaving wool and fibrous textures

;

they ground their stone implements and tools, so as to give

them sharp-cutting edges ; in hunting wild animals they

used the bow and arrows, the latter being tipped with a

sharp piece of flint; they built houses both for the living

and for the dead, and their religious ideas were highly

developed. But of the artistic taste and skill of their pre-

decessors they had not a vestige, and whatever they did, by

way of ornament, consisted of a few linear scratches arranged

in some simple geometrical figures. The fundamental prin-

ciples of these two civilisations are so incompatible that the

Neolithic in its most flourishing stage, such as we see it

among the lake-dwellers of Switzerland, cannot be regarded

as a local derivation from the latest phase of the Palaeolithic,

without the application of some strong moulding influences

of external origin. The former had therefore its birth and

early growth in outside areas, and it is quite probable that,

while the isolated reindeer hunters of Central Europe were

still in existence, people elsewhere were already passing

through the evolutionary stages which connected the two

civilisations to the common stem line of human progress,

and enabled an increasing population to live under the

changed conditions of their environment.

For a long time archaeologists could ofl*er no better ex-

planation of the striking contrast between the two civilisations

than by supposing that they had been separated by a long

interval of time—a hiatus—during which Western Europe

ceased to be inhabited. But this idea is now generally

discarded, and already what seems to be a true epoch of
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transition has been disclosed by a number of investigations

which show that the two races had come in contact, and

become partly amalgamated. Such investigations can only

be referred to here very briefly.

MM. Cartailhac and Boule ('' La Grotte de Eeilhac, Lyon,"

1889) inform us that the animals represented in the upper

strata in the cave of Eeilhac (Gausses du Lot), viz., dog,

horse, ox {Bos taurus), sheep, pig, roe and red deer, are pre-

cisely the same species as are to be found in stations of the

Neolithic period. So also are those represented in the lower

strata, with the exception of the reindeer and hytena. But

it is noteworthy that while the remains of the reindeer were

relatively few, those of the stag were very abundant, so

much so as to be considered the most characteristic animal

of this cave. The contemporaneity of the hyasna was

inferred from gnawed bones, which were met with only in

the lowest portion of the debris. The osseous remains indi-

cated two varieties of the horse, one large and the other

small, but they showed no evidence of domestication. The

complete disappearance of the arctic group of animals, and

the increasing abundance of remains of the stag, together

with a correspoDding scarcity of those of the reindeer,

justified the explorers in dating the habitation of the cave

of Eeilhac to the very end of the Quaternary period.

In the rock-shelter of Mas-d'Azil (Ariege), M. Piette

has described certain deposits (4 feet in depth), resting

immediately on a stratum with relics characteristic of the

Magdalenian or latest Palaeolithic period, but beneath

another containing relics equally characteristic of the Neo-

lithic period, which he regards as the debris of a transition

period between the two civilisations. As I have elsewhere

(" Prehistoric Problems," p. 60 e^ seq.) given a short account

of the evidence adduced by M. Piette, it is unnecessary to

enter here on the details, more than to mention the animals

which the author regards as belonging to that period, viz.,

stag, wapiti, roebuck, chamois, ox, horse, wild boar, badger,

beaver, wolf, common bear, rat, some birds, fishes, and snails.

Grains of wheat and a variety of seeds and fruit stones were

also identified. Some of the relics were of novel types,
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such as barbed harpoons made of stag-horn, and water-worn

pebbles of quartz or schist, some showing usage marks at

one end, and others various devices painted on them with

peroxide of iron.

In the station of Campigny (Seine Inferieure) remains of

huts, coarse pottery, and bones of the ox, stag, and horse

were found, thus showing a still nearer approach to Neolithic

civilisation (see Revue de VEcole d'Anthropologie, December

15th, 1898). According to French archaeologists, its remains

(as well as those from a number of other analogous stations)

belong to the last phase of the transition period, and are

regarded as crude imitations of the industrial products of

the ISTeolithic immigrants, before the two races became finally

amalgamated.

On a former occasion (July 19th, 1898), in addressing the

members of the Archaeological Institute, I advanced some

remarkable evidence on the continuity of human existence

in Switzerland since Palaeolithic times, founded on the dis-

coveries and researches of Dr Nliesch in the rock-shelter of

Schweizersbild (see Journal, vol. Iv. pp. 259-285).

It will be observed that of the principal animals which

figured in the hunting scenes of Palaeolithic times, man and

the horse are almost the only two that survived and mani-

fested a feeble existence during the transition period in

Western Europe. The reindeer, owing to the change in

climate and the increase of forest growths, emigrated to

more northern regions, whither it was followed, according

to some writers, by a portion of the old hunting population.

The individuals of this species which found their way into

Britain, while the island was connected with the Continent,

were caught, however, in a trap by the intervention of the

Strait of Dover, and instinctively receded northwards till

they reached Caithness, where they became extinct only

about the twelfth century. The place of the reindeer in

Europe was taken up by the red- deer, which now began to

be very numerous. The urus survived to historic times, but

this animal does not appear to have been very abundant at

any time. The alterations in the physical and climatal

conditions of Europe were also affecting the welfare of its
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indigenous horses, with the result that they also were

receding more and more to the open and more congenial

steppes of Asia, where a few of their descendants are said

to survive to the present day. There are, however, potent

reasons for supposing that, within the British Isles, and

probably in some other parts of Europe, they actually became

extinct for a short time during early Neolithic times, and

that their reappearance in these countries was as domestic

animals. While the remnant of the old hunters of the days

of big game who still lived in France were struggling to

adapt themselves to the new conditions of life, and to make

a living on such of the smaller wild animals—probably

greatly increased in numbers after the disappearance of the

oreat carnivores—as found a consjenial habitat in the mild

climate and rich vegetation which then obtained, they came

in contact with the Neolithic civilisation which slowly

reached them, partly from Asia and partly from Mediter-

ranean sources. The question which now arises is—Was

the horse among the domestic animals of the indigenous

people who had thus become pastoral and agricultural

farmers ? Or was it a later addition to the number of

subjugated animals, and imported through the Asiatic immi-

grants ? The opinions held on this problem are somewhat

contradictory; but the arguments pro et con are too dis-

cursive to be now fully dealt with. I shall therefore content

myself by stating categorically the opinions of one or two of

the leading authorities on the subject.

Eutimeyer (" Die Fauna der Pfahlbauten in der Schweiz,"

1861, p. 122) expresses the opinion that the inhabitants of

the earliest lake-dwellings were not in possession of the

domestic horse. He contrasts the few horse bones found

on some of the older sites, such as Wangen (a tooth),

Moosseedorf (a metatarsal bone), Eobenhausen (a tarsal

bone), and Wauwyl (a few bones), with their abundance on

the Bronze Age stations.

M. Dupont, in discussing the fauna of the Neolithic

period in Belgium, says: "A number of species of the pre-

ceding age have emigrated. The reindeer and the glutton

have taken refuge in the polar regions; the wild goat,
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chamois, and marmot on the elevated mountains of Central

Europe; the antelope, saiga, and probably the horse on

the boundaries of Europe and Asia " (" Les Temps Pre-

historiques en Belgique," p. 216).

On the other hand, M. Pietrement holds that the indi-

genous people of France—the direct descendants of those

of Palaeolithic times—as soon as they came under the influ-

ence and instruction of the dolmen-builders, derived their

domestic animals from the wild stocks of the country, among

which he includes the horse. He contends that the domestic

animals introduced by the Neolithic races—ox, sheep, goat,

pig, dog, and horse—were not in sufficient numbers to

supply the whole of Europe. The idea of domesticating

animals would, therefore, according to this author, come

into Western Europe through the incoming Neolithic people

who hailed from eastern lands (" Les Chevaux dans les

Temps Prehistoriques et Historiques," 1883, p. 134).

Professor Eolleston, F.E.S., having before him the results

of Canon Greenwell's researches in the British barrows,

makes the following statement :
" I have never found the

bones or teeth of a horse in a long barrow, and I would

remark that, whilst such bones are very likely to be intro-

duced into such barrows in the way of secondary interments,

I have not met with any exact record as to the finding of

them in surroundings which left no doubt as to their being

contemporaneous with the primary interments. The bones

of the horse are both durable and conspicuous, and it is

difficult to think that if the Neolithic man had used the

animal either for purposes of food or for those pf carriage,

as his predecessors and successors did, we should not have

come upon abundant and unambiguous evidence of such use
"

(" British Barrows," p. 736).

Lord Avebury also gives expression to a similar opinion

:

" Eemains of the horse are very rare in English barrows, and

I know no well-authenticated case of their occurrence in a

long barrow. I have thought, therefore, that it might be of

interest to point out the class of graves in which bones or

teeth of horses were found. In Mr Bateman's valuable

works there are, altogether, twenty-eight cases, but of these
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nine were in tumuli which had been previously opened, and

in one case no body was found. Of the remaining eighteen,

five were tumuli containing iron, and seven were accom-

panied with bronze. In one more case, that of the ' Liffs,'

it is doubtful whether the barrow had not been disturbed.

Of the remaining six tumuli, two contained beautiful drink-

ing vessels, of a very well-marked type, certainly in use

during the Bronze Age, if not peculiar to it; and in both

these instances, as well as in a third, the interment was

accompanied by burnt human bones, suggestive of dreadful

rites. Even, however, if these cases cannot be referred to

the Bronze Age, we still see that out of the two hundred and

ninety-seven interments only sixty-three contained metal,

or about twenty-one per cent., while out of the eighteen

cases of horses' remains, twelve, or about sixty-six per cent.,

certainly belonged to the metallic period. This seems to be

prima facie evidence that the horse was very rare, if not

altogether unknown, in England during the Stone Age. Both

the horse and bull appear to have been sacrificed at graves

during later times, and probably formed part of the funeral

feast. The teeth of oxen are so common in tumuli that they

are even said by Mr Bateman to be ' uniformly found with

the more ancient interments'" ("Prehistoric Times," 4th

ed., p. 174).

Professor Boyd Dawkins thus writes :
" From this outline

it is clear the domestic animals were not domesticated in

Europe, but that they had already been under the care of

man probably for long ages in some other region. The turf-

hog, the Celtic shorthorn, the sheep, and the goat must have

been domesticated in the countries in which their wild

ancestors were captured by the hunter in Central Asia. To

this region also belong the jackal, the wild boar, and the

wild horse, and in ancient times the urus. It is therefore

probable that all these domestic animals came into Europe

with their masters from the south-east—from the Central

plateau of Asia— the ancient home of all the present

European peoples" ("Early Man in Britain," 1880,

p. 300).

Before coming to any decision on these conflicting opinions.
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it will be as well to inquire if the historical annals can throw

any further light on the problems at issue.

Historical Evidence on the Domestication of the

Horse.

That no representation of horses is to be found on any of

the monuments of the Nile valley, prior to the eighteenth

dynasty, seems to have been overlooked by Egyptologists

till the year 1869, when Professor Owen, in the course of a

visit to the country, drew attention to it (see Lenormant,

"Les Premieres Civilisations," vol. ii. p. 299). However

that may be, the fact is of great significance, and quite in

harmony with a passage in Genesis (chap, xlvii. 17), where

we are informed that Joseph, then administrator of the

country, gave the people ''bread in exchange for horses,

etc." As the invaders, known as Hyksos or Shepherds,

entered Egypt from the north, it is probable that they first

introduced the domestic horse into the Mle valley, but, being

a simple pastoral people, and not given to erecting monu-

ments, they left little evidence of their presence in the

country, though they are said to have governed it for five

hundred years. That the Shepherd Kings were in power

during the time of Joseph seems almost certain from the in-

structions given by him to his brethren as to what they

should say when they came before Pharaoh :
" Ye shall say.

Thy servants' trade hath been about cattle from our youth

even until now, both we and also our fathers : that ye may

dwell in the land of Goshen : for every shepherd is an abomi-

nation unto the Egyptians " (Genesis xlvi. 34). At a later

period, Egyptian horses became famous, as we find King

Solomon not only using them exclusively for his army and

household, but also importing them for the neighbouring

kings of the Hittites and Syria. Also, in pictorial represen-

tations of battles on monuments of the eighteenth dynasty

and onwards, war-chariots drawn by a couple of prancing

steeds play a conspicuous part.

In Greece, the earliest indications of domestic horses are

the sculptured war- chariots on the famous tombstones at

vol. XV. H
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Mycense, which cannot be dated later than 1200 B.C. Though

the Mycenaean chariots have only four spokes in their

wheels, while those on the Egyptian monuments have six,

they have otherwise so many elements in common as to

suggest that the early Greeks derived their knowledge of

horses either direct from Egypt or through the Semitic

peoples of Asia Minor. According to Schrader ('' Prehistoric

Antiquities of the Aryans," 1890, p. 260), the art of riding

was practised neither by the Greeks of Homer nor by the

Hindus of the Eigveda. This use of the animal he supposes

to have originated with Turko-Tartaric races. The terms for

riding in the Indo-European languages not only differ from

one another, but are apparently of recent date. There seems

to be no doubt, if we can depend on the deductions of philo-

logists, that the primitive Aryans were acquainted with the

horse, but whether the animal was domesticated or wild, it

is difficult to say. There is no evidence to show that they

used horses for riding or driving, but they may have bred

them for food.

From Caesar we learn that another branch of the Celtic

people, viz., those inhabiting Britain, made use of war-

chariots, a custom which probably reached tlieni during the

" Late Celtic " period, though, strange to say, the author

makes no mention of this mode of fighting among the Gauls.

Livy, however, informs us (X. 28, 29) that the Gauls had

one thousand chariots in their army at the battle of Sentinum

(295 B.C.). That the Celts of the early La Tene period in

France and Switzerland used war-chariots is proved by the

discovery of several sepulchral tumuli containing the remains

of a warrior associated with a chariot, horses, and military

accoutrements. Similar interments have also been occasion-

ally met with in British barrows of the " Late Celtic " period

(" Prehistoric Scotland," p. 133). From an incidental remark

in Caesar ("Alexandrian War," chap. 75), it appears that the

soldiers of Pharnaces, King of Pontus, used scythed chariots

at the battle of Zela. Herodotus (V. 9) says of the horses of

the Sigynnae that they " are shaggy all over the body, to five

fingers in depth of hair : they are small, flat-nosed, and

unable to carry men ; but when yoked to chariots they are
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very fleet, therefore the natives drive chariots." It has also

been shown, both from monumental and linguistic evidence,

that the domestication of the horse has long been established

among the Persians, Assyrians, and Semites.

To what extent, and in what regions, wild horses survived

to historic times, it is difficult to determine. According to

Herodotus (IV. 52), wild white horses grazed on the shores

of a vast lake in Scythia, from which the Hipanis flows.

Pliny (VIII. 16), in his description of the animals of the

north, mentions herds of wild horses ; and Strabo (III. iv.

15, and IV. vi. 10) records their existence in Spain and the

Alps. But these, as well as the reported herds of wild

horses in Asia in the present day, may have been domestic

animals which had escaped and reverted to a wild condition.

In contrasting the early distribution of the horse with that

of the ass, I find that, while the former was imported into

Egypt some eighteen hundred years before the Christian era,

the latter was known from time immemorial, not only

throughout the Nile valley, but also in Palestine, Assyria,

and probably elsewhere in Asia. As a riding animal for

persons of distinction, it is represented on an Egyptian

monument of the fifth dynasty, some 5000 B.C. In the Book

of Genesis wealth is always computed by so many heads of

camels, asses, sheep, and oxen. In Homer the ass is only

once mentioned, and it is not considered to have been

domesticated at that time in Greece. It seems, therefore,

that while the line of distribution of the horse was from

north to south, that of the ass was in a contrary direction.

Both animals, however, found their way into Western

Europe in a state of domestication probably about the same

time. From the historical point of view, everything points

to the fact that one or more of our domestic horses emanated

from Central Asia.

Concluding Remarks.

After careful consideration of the bearing of the above

facts and opinions on the problem of the domestication of

the horse, I still find it difficult to formulate very precise

conclusions on the subject. During the interval between the
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latest phase of the Palaeolithic and the most flourishing of

the Neolithic civilisation, horses became greatly diminished

in number throughout Europe ; and it is now almost impos-

sible to determine whether the few horse remains recorded

during that period belonged to a domestic or wild breed. In

these circumstances, the following general statements can

only be regarded as tentative and problematical.

1. At least two species of Equidte were contemporary with

man during the Palaeolithic period in Western Europe, and

formed a considerable portion of his aliment ; but whether

these horses were latterly in a state of domestication is a

controverted problem. In face of the evidence now advanced

by MM. Capitan and Breuil in favour of the domestication

theory, it may be advantageous to recall M. Steenstrup's

opinion on the origin of the domestic animals. After exam-

ing the osseous remains of the ox, goat, and pig found in the

Belgian caverns associated with those of the mammoth and

reindeer, the Danish savant maintained that they presented

no special osteological characters by which they could be

differentiated from those of the corresponding domestic

animals of Neolithic times. Hence he argued that either

the domestication of these animals must be relegated back

to the Palaeolithic period, or the Palaeolithic period must be

much more recent than is generally supposed ("Congres

International, etc.," 1872, p. 212 et seq.). In connection

with this point, it may be observed (see Table, p. 114) that

the small species of ox and the wild pig became prominent

among the European fauna only towards the close of the

Palaeolithic period (Eeindeer period of Dupont), and that the

sheep, which is probably of Eastern origin, scarcely appears

among deposits of human food refuse till the most flourish-

ing stage of the Neolithic civilisation.

2. When dealing with the problem of the domestication of

animals, based on the archaeological materials collected during

the Swiss lake-dwelling researches, I thus expressed my
views :

—
" That continued attention was paid to the rearing

and breeding of domesticated animals during the Bronze Age
is attested by their osseous remains, which have been critic-

ally examined by such competent authorities as Rutimeyer,
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Studer, Uhlmann, and others. While the lake-dwellers of

the earlier Stone Age had only as domestic animals one small

species of dog, a small ox, a horned sheep, and the goat,

we find that towards the end of this period, and during the

succeeding Bronze Age, not only new and large breeds were

developed, but another was added to the list, viz., the horse.

From the remains of the domestic horse found at Moeringen

and elsewhere, it appears to have been a small and slender-

limbed animal with small hoofs, and altogether much inferior

to the wild horse as hunted and eaten by the cave-men of

Palaeolithic times, from which it is supposed to have been a

direct descendant. When the Aar Canal was being excavated,

the bones of the smaller or domestic horse were found

associated with bronze objects in no less than nine different

localities, all of which agree with the above characteristics.

The horse of the terremare, according to Professor Strobel,

presents the same characters as that of the Swiss lake-

dwellings ; and, as we have already seen from the bridle-bits

and other horse trappings, there can be no doubt it was also

in a state of domestication. I may also mention that a skull

found at Au vernier was believed by Eiitimeyer, after most

careful deliberation, to be that of the ass. Professor Strobel

has also recognised the osseous remains of the ass in the

terremare {Bulletino cli Fed. It., Anno viii.). The sheep

diverged considerably from its earlier form, and lost much

of its goat-like appearance, being now larger, and developed

into various breeds. Still more varied were the breeds of

cattle, especially in the vicinity of the lakes of Bienne and

Neuchatel. The Bos primigenms appears to have been

tamed and crossed with the earlier type, giving rise to a

variety of breeds, such as trocoeeros and frontosus, one of

which had wide-branching horns, as is proved from its

remains found at Concise, Chevroux, Locras, etc. The small

dog of the Stone Age (Canis clomestimis palvMris^ Ktit.) gave

place to a much larger kind, somewhat resembling our

modern greyhound. The domestic pig also appears to have

passed through various evolutionary phases ; but the wild

boar still retained its individuality intact. Dr Uhlmann, in

his report on the osseous remains from the Grosser Hafner
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at Zurich, describes three varieties of the pig, as well as

three of cattle" ("Lake Dwellings of Europe," p. 535).

3. Seeing, therefore, that wild stocks of the ox, goat, pig,

horse, and dog, frona which the corresponding domestic

animals could have been derived, did exist in Europe in pre-

Neolithic times, there seems to be no inherent improbability

in the idea that some of them had been domesticated by the

indigenous inhabitants prior to the incoming of the Neolithic

brachycephals into France. There is, indeed, every reason

to believe that while the early Lake-dwellers—probably

among the first of these eastern immigrants—were con-

structing their lacustrine habitations, the Dolmen-builders

were already in possession of the whole of Western Europe,

and living under a Neolithic civilisation derived from

sources altogether independent of the Aryan brachycephals.

If this be so, tlien we must considerably modify the view

hitherto upheld by archaeologists, viz., that the culture and

civilisation of the Neolithic age were exclusively introduced

into Europe by the successive waves of so-called Aryans

from Asia. That, however, these immigrants reared animals

in a state of domestication, which were originally derived

from Asiatic wild species, is probable, as it satisfactorily

accounts for the numerous breeds and varieties of domestic

animals which subsequently obtained among European

nationalities.

4. But, it may be asked, who were these Dolmen-builders?

According to the best of my judgment, they were mainly the

descendants of the first Palaeolithic inhabitants, who entered

Europe, along with a batch of African animals, when the

country was connected with North Africa by at least two

extensive land tracts, one through Italy, Sicily, and Tunis,

and the other across the Strait of Gibraltar. These people

lived ever since in various selected localities throughout

Europe, during which the country passed through some
striking changes in climate and in the geographical distribu-

tion of land. The disappearance of the Euro-African land

bridges across the Mediterranean was an important physical

event, as it cut off a southern retreat to both men and

animals. But, like migratory birds who instinctively follow
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the line of old land routes, though long obliterated by inter-

vening seas, these "Eurafrican" peoples kept up their

original sources of relationship until the art of navigation

facilitated better means of intercourse. As the herds of

wild horses and reindeer, and other animals, on which the

Pala3olithic hunters chiefly depended for their living, gradu-

ally died out, necessity compelled them to find other means

of subsistence. In the regions to the north of the Pyrenees,

owing to the continued survival of their favourite animals in

this part of France, long after they disappeared elsewhere in

Europe, these Palceolithic hunters existed as isolated groups

till they became absorbed among people possibly belonging

to their own race, who meantime had adapted themselves to

the Neolithic methods and customs which reached them

from Mediterranean sources of culture. In the extreme west

of Europe we find in the kitchen-middens of Mugem, in the

valley of the Tagus, evidence of a people, probably as old as

the reindeer hunters of France, who lived largely on shell-

fish. According to M. Eibeiro (''Congres International,

etc.," 1880, p. 287) they did not possess any of the domestic

animals, but yet, among their food refuse, bones of the

following genera were identified

—

Bos, Cervus, Ovis, Equus,

Sus, Canis, Fclis, etc. Professor Sergi's hypothesis of a

" Mediterranean race " seems to me to offer the best

solution of the ethnological problems of Western Europe.

5. As I have elsewhere discussed the ethnology of

Britain ('' Prehistoric Scotland," chap, xii.), it is un-

necessary now to say more than that the primary Dolmen-

builders of the British Isles belonged to the same dolicho-

cephalic " Iberian," or " Mediterranean," race just mentioned

above. It would also appear, according to the opinion of

the most competent archaeologists, that the horse was not

among their domestic animals until the Bronze Age ; but

whether the animal was then domesticated from a still

surviving indigenous wild stock, or imported from the

Continent by the first Celtic immigrants, there is no avail-

able evidence to show. Since then, the frequency with

which broken horse bones are found in the later tumuli, and

among the food refuse on Eoman and Romano-British sites,
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proves that horseflesh was largely utilised as food by the

inhabitants of Britain until it was forbidden by the Church,

in the latter part of the eighth century, because it was eaten

by the Scandinavian people in honour of Odin. It appears,

however, that the deeply-rooted prejudice against the use of

the horse as a source of human food, which prevails in

modern times, was only gradually acquired ; as it is recorded

{see " Cave Hunting," p. 133) that the monks of St G-all not

only ate horseflesh in the eleventh century, but returned

thanks for it in a metrical grace as follows :

—

"Sit feralis equi caro dulcis sub cruce Christi."

The wild horses here referred to, and others mentioned in

early chronicles, are supposed to have been domestic animals

which escaped and reverted to a semi-wild condition. How
long the British people continued to disregard the pro-

hibitive epistles against the use of horseflesh issued by Popes

Gregory III. and Zacharias I., it is, of course, impossible to

says {see Geoffrey Saint- Hilaire, "Lettres sur les Sub-

stances Alimentaires et particulierement sur la Viande de

Cheval," Paris, 1856). Bones belonging to a large and small

kind of horse were identified by Professor KoUeston among

some animal remains sent to him from the crannog of

Llangorse Lake. The same authority identified the shoulder

blade of a small horse among the contents of a box of bones

from the Lochlee crannog. According to Dr Traquair, F.R.S.,

the horse was scantily represented in a collection of bones

from the Elie kitchen-midden, the date of which was other-

wise ascertained to be the seventh or eighth century

{Proc. Soc. Antiq. Scot., vol. xxxv. pp. 281-300). It

would thus appear that the presence of remains of the horse

in any of the food-refuse heaps, so often found associated

with early inhabited sites in Britain, such as crannogs, hill-

forts, motes, etc., has a certain chronological value in dating

that particular habitation to a period not later than the

twelfth century.
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VII. Notes on the History of the Royal Physical Society.

By E. H. Traquair, M.D., LL.D., r.E.S.

(Read 15th January 1902.)

The Koyal Physical Society of Edinburgh was founded in

1771, and has therefore completed its one hundred and

thirtieth session. With the exception of the. " Eoyal

Medical" it is the oldest scientific society in Edinburgh,

and certainly it is the oldest which now publishes Proceedings.

It was founded under the name of the " Physico-Ohirurgical

"

Society, but soon became known simply as the *' Physical

"

Society. Nevertheless, as the original title implies, it was

at first mainly an association for the discussion of medical

subjects, though matters relating to other branches of know-

ledge were also included in its range. Its usefulness and

fame enabled it not only to live, but so great was its

prosperity that it also became possessed of a valuable

library, and in 1782 was able to build a hall in Eichmond

Street for its meetings. This hall, the foundation-stone of

which was laid by the celebrated anatomist, the second

Monro, was publicly opened in 1783 in presence of the

Principal and the Professors of Medicine in the University,

and an influential assemblage of the physicians and surgeons

of Edinburgh. On 5th June 1778 a charter of incorporation

was granted to the Society by His Majesty King George the

Third, and from that day to the present time, nearly one

hundred and twenty-five years, the Society has borne the

time-honoured name of " Eoyal Physical."

Twelve years ago I was told by the late Mr David Grieve,

at that time the oldest of the Fellows of the Society, that he

still remembered the meetings held in that old hall. But

financial troubles came, and the Society had to quit. The

hall no longer exists, having been long since taken down,

and, I believe, the site is now occupied by a church. Eor a

time the Society found a temporary asylum within the walls

of the University ; afterwards the meetings were held in the

Bible Society's Eooms, first at 2 York Place, and subsequently

at 5 St Andrew Square. Dowell's Eooms in George Street

formed the meeting place from 1888 to 1889, but since the



106 Proceedings of the Royal Physical Society,

latter date our Society has met in the Philosophical Insti-

tution.

In the course of time the character of the meetings had

changed. Purely medical subjects gave way to Natural

History in the old wide acceptation of the term, and from

being a mere debating society the Royal Physical assumed

the role of an association for the communication of papers

embodying original observation and research. In 1854 the

publication of Proceedings was commenced, and the three

volumes which were produced from that date to 1866, under

the genial Secretaryship of the late Dr John Alexander

Smith, amply prove the useful nature of the work which the

Society was then performing. Need I do more than refer to

the beautifully illustrated and valuable zoological papers of

the late Dr Strethill Wright, supported and accompanied as

they were by important contributions from Dr John Cleland

(now Professor of Anatomy in Glasgow), the late Mr Andrew

Murray, Mr C. W. Peach, Dr Smith himself, and many other old

friends, most of whom are now no longer with us in this life.

Then came another period of depression, brought on again

by financial difficulties. Those three fine volumes of Pro-

ceedings had not been produced for nothing, and the excess of

expenditure over income—for at that time the annual sub-

scription was extremely small—threw the Society into a sea

of trouble. I regret to mention that to aid in meeting these

difficulties a considerable part of the library was sold,

including chiefly the old medical books which in days gone

by had been amassed with so much care.

But the storm did not overwhelm the " Royal Physical."

Again it came forth from the ordeal, and in 1874, under the

Secretaryship of the late Dr Robert Brown, the publication

of Proceediiigs was resumed. But as Dr Brown soon after-

wards migrated to London, it was fortunate for the Society

that in 1 876 it secured the services as Secretary of the late

Mr Robert Gray, the well-known author of the " Birds of

the West of Scotland"—a man of trained business habits,

wide interest in Science, of a singularly genial- disposition,

and eveiy way qualified to perform the duties which he

undertook. Then it was that the Society seemed to enter
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upon a new lease of life ; the membership greatly increased,

the laws were revised, the meetings conducted in a more

scientific manner, and as regards the matter brought before

them, I need only refer to the six volumes of Proceedings

which appeared under Mr Gray's editorship. Many valuable

papers are to be found in these'volumes, the authors of which,

though youDg men at that time, have since come to the front

in their respective specialities.

But unfortunately Mr Gray's health began to fail, and

symptoms of depression in the energies of the Society

first began to manifest themselves in the decline of the

attendance at the evening meetings, while financial trouble

began again to show its unwelcome face, brought on partly

by over-publication, partly by accumulation of arrears of

subscriptions. In 1887 occurred the lamented death of

Mr Gray, who, aided by the scientific friends whom his

engaging personality had drawn around him, had done so

much to raise the Society from an almost moribund condi-

tion to one of honour and efficiency.

For a year and a half after this sad loss I myself performed

the work of Secretary, and the task I set before myself was

to bring the finances of the Society into a healthy condition

by diminishing publication for a time, so that the expenses

of one year should not anticipate the income of the next, and

in that I succeeded.

In 1888 I gladly surrendered the post to our worthy and

accomplished friend Mr Evans, who, in spite of diminishing

membership, conducted the business in an able manner until,

in 1892, he was most unfortunately compelled to retire owing

to the then unsatisfactory state of his health. Mr Evans was

succeeded by the late Mr John Gunn, a man also of singular

geniality of nature, business capacity, and wide scientific

and literary sympathies, under whose guidance the Society

continued its good work, in spite of the fact that his speciality

did not lie in either zoological or geological studies.

But the Society was only too soon to be deprived of his

valuable services, for in the spring of 1895 Mr Gunn suddenly

(lied—a victim to a then prevailing epidemic of influenza.

Airain I assumed the duties of Interim Secretary, and these
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I am still performing, in the hope, however, that ere long

some one better qualified for this post will come forward to

relieve me of its responsibilities.

Before closing these remarks on the history of the Society,

there are three things to be specially noted in connection

therewith.

The first is the extraordinary vitality of the Society, which

has enabled it, with but slender funds at its disposal, and in

a centre of population so comparatively small as that of

Edinburgh, to withstand more than one vicissitude of fortune

during a period of over one hundred and thirty years.

The second is that it has not only been able to live, but to

absorb into itself other societies whose vitality was less than

its own. Thus we find that in 1782 it was joined by the

old " Medico-Chirurgical " Society; in 1796 by the "American

Physical" Society; in 1799 by the "Hibernian" Society; in

1802 by the "Chemical" Society; in 1812 by the "Natural

History" Society; in 1813 by the "Didactic." Finally the

Wernerian Society, which had fallen into a languishing state

after the death of Professor Jameson, was in 1858 incorpo-

rated with the Eoyal Physical, though to a certain extent

also partly with the Botanical Society of Edinburgh. As

Scottish men of Science we cannot help feeling a consider-

able degree of regret that so distinguished a Society as the

Wernerian, whose published Proceedings must be frequently

referred to by workers in Scottish Natural History, should

have been compelled to give up its individual existence.

But this regret must be tempered with the feeling that the

Koyal Physical Society is also the heir of the Wernerian,

and that it is incumbent on us to strive to keep up and

extend the reputation of that association, of which Eobert

Jameson was the President and moving spirit.

The third is the number of distinguished men who have

been connected with the Society in the past. Of those who,

up to the close of their lives, took an active part in its work,

I need only mention John Fleming, Hugh Miller, and Thomas

Strethill Wright. But there were others who, in their earlier

years, were also active members of the Koyal Physical

Society, and whose names afterwards came to be known
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wherever Natural Science is cultivated. Of such names I

need only mention those of John Eeid, John Goodsir,

Edward Forbes, James Young Simpson, Wyville Thomson,

and W. B. Carpenter.

If, then, the traditions and memories of the past are such

as entitle the Koyal Physical Society to the sympathy of

men of Science, at least in Edinburgh and in Scotland, and
to their good wishes for its future prosperity, it only remains

for me to ask along what lines the Society should work to

merit the success which we desire. I speak as an individual,

but I think, unquestionably I think, we should continue to

work along those which were adopted when the publication

of Proceedings was commenced. The Society is now no

longer a medical or a debating Society, nor one for treating

matters of Science from the purely popular standpoint. It

is distinctly a Society for the encouragement of oric^inal

observation and research, and for the recording of ascertained

scientific fact. It is a Society to which the older workino-

members may contribute their shorter papers, especially those

of local interest, and where the younger men, meeting their

elders on terms of common Fellowship, may acquire the art of

writing and of demonstrating the results of their early labours.

Our Society does not in any way seek to interfere with the

proper functions of the Eoyal Society of Edinburgh. Many
of us are members of both, and our loyalty to the Eoyal is

in no way interfered with by our support of the Eoyal

Physical, and though both Societies are associations for the

promotion and publicatiou of original research, their position

with regard to each other and to the scientific public is

obviously somewhat different.

Then again, among all the branches of what is widely

termed Physical Science, Zoology has, since the issue of

publications, and long before that, occupied by far the chief

place in the Society's work, though other departments of

Natural History have not been altogether excluded, such as

Geology, more especially in its palgeontological aspects, as

was indeed becoming in the Society of Fleming and Hugh
Miller. That the Society may work along these lines in the

future is the hope and desire of the writer of the above notes.
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Edinburgh District. By Miss Sprague. Communicated

by T. B. Sprague, Esq, LL.D.
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Mr T. Scott's paper on the Claclocera of the district

round Edinburgh, in the Proceedings of the Royal Physical

Society for 1894, contains a list of twelve Scottish species

of Cladocera which had not up to that time been obtained

in the district ; and the remark is added that it is almost

certain that some at least of these will be discovered when
the area is more thoroughly examined.

Having lately made a lengthy investigation into the

Entomostraca of the district, I have found three of these

species :

—

Macrothrix laticornis, Jurine. One specimen was found

in a mixed gathering taken from the three lochs

in the King's Park—St Margaret's, Dunsappie, and

Duddingston—on 16th June 1900.

Accmtholeberis curvirostris, Mtiller. A few young specimens

were taken in Marfield Loch on 9th April 1901, and

a good many full-grown ones on 21st September

1901.

Chydoriis glohosics, Baird. Several specimens were got in

an abandoned quarry in Dalmeny grounds, close to

the river Almond, on 6th September 1901.

VOL. XV, I
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IX. The Anatomy of the Genito-urinary Apparatus of the

Adult Male Porpoise (Phocoeua communis), as displayed

by the Formal Method. By David Hepburn, M.D.,

F.RS.E., Professor of Anatomy, University College,

Cardiff, and David Waterston, M.A., M.D., F.E.S.E.,

Lecturer on Eegional Anatomy, University of Edin-

burgh. [Plate II.]

(Read 22iid December 1902.)

Introductory.—The specimen upon which the present

research has been conducted has already provided us with

material for observations upon the pelvic cavity of Cetacea, a

detailed examination of the alimentary viscera, and a study

of the minute anatomy of its spinal cord.^ In each of these

investigations the results were of a sufficiently novel and

interesting character to warrant further inquiry into other

groups of organs, even where at first sight there might not

appear great promise of new facts, by reason of the number

of existing published descriptions. Notwithstanding the

amount of work which has already been done by former

observers, we are of opinion that a new series of observations

on the genito-urinary organs was warranted, first, because of

the fact that, so far as we are aware, the Formal method has

not hitherto been applied to the study of Cetacea; and,

second, because the great majority of adult porpoises hitherto

examined in detail appear to have been females.

So recently as 1898, Wilhelm Daudt- examined three male

foetuses of different sizes, and four adult females of Phocoena

communis, as part of a more extended research; but the facts

^ The following are the papers referred to:—Hepburn and Waterston,

" The True Shape, Relations, and Structure of the Alimentary Viscera of the

Porpoise {Plwccena communis) as displayed by the Formal method," Trans.

Roy. Sac. Eclin., vol. xl. pt. 2 (No. 16). Hepburn and Waterston, "The
Pelvic Cavity of the Porpoise as a Guide to its Sacral Region," Trans.

British Assoc. (Glasgow Meeting). Hepburn and Waterston, "A Compara-

tive Study of the Grey and White Matter and of the Motor Cell Groups in

the Anterior Horns of the Spinal Cord of the Porpoise," Journal of Anat.

and Phys., vol. xviii. pts. 2 and 3, 1904.

" Wilhelm Daudt. " BeitrJige zur Kenntnis des Urogenitalapparates der

CQidiCQeu,''^ Jenaische Zeitschriftfiir Naturwissenschaft, vol, xxxii., 1898.
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as observed by him do not at all points harmonise with our

observations, probably owing to different methods of preserva-

tion. However, since the use of Formal enables us to fix

organs in their relatively normal shapes and positions, the

results which we have obtained are of an extremely instruc-

tive nature. The procedure adopted in connection with the

process of preservation and fixation has already been described

in connection with our examination of the alimentary viscera.

The study of the urinary organs of Cetacea is of extreme

interest, chiefly owing to the fact that, as marine mammals
whose habitat is exclusively aqueous, they are provided with

an integument which does not possess sweat-glands, and

therefore excretory products are eliminated either by the

respiratory or urinary organs. Intimately associated with

the excretion of water and watery vapour, there is the

further question of the available sources for the renewal of

this fluid. The sea-water in which these mammals live, and

the fluids within the bodies of the animals upon which they

feed, are both salt, and therefore they probably swallow a

quantity of saline matter quite out of proportion to that

assimilated by land mammals, while for most of them the

opportunity of access to sources of fresh-water may be

regarded as non-existent.

If, therefore, Cetacea have no opportunity of imbibing

fresh-water, and if they require to relieve thirst (supposing

they experience this sensation), then not only must the

fluids within their bodies present a high degree of salinity,

but the processes of alimentation and the secretion of urine

must be correspondingly modified, and the structure of the

kidney might be expected to show arrangements for the

secretion of a fluid which must always be of high specific

gravity. In the paper above referred to we have already

shown that the structure of the alimentary canal, especially

towards its hinder end, suggested, in the presence of great

numbers of large mucous glands, the capability of preventing

the inspissation of the food residuum, and certainly the

alimentary canal contained no substance more dense than

thick cream.

The Kidneys.—These organs were situated upon the dorsal
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wall of the abdominal cavity, being retained in position by

the peritoneum, which covered the visceral or ventral aspect

of each kidney, and was reflected opposite the mesial interval

between the two kidneys in the form of a mesial longitudinal

sling—the mesentery—supporting the intestine. The anterior

end of the right kidney was opposite the hinder margin of

the transverse process of the 2nd lumbar vertebra (lumbo-

caudal), while its hinder end corresponded to the anterior

border of the transverse process of the 9th lumbo-caudal

vertebra. Its extreme length measured 13 cm., its width

6*3 cm., and its greatest thickness (dorso-ventral) was 3'8 cm.

The anterior end of the left kidney was opposite the trans-

verse process of the 3rd lumbo-caudal vertebra, while its

hinder end corresponded to the transverse process of the 9th

lumbo-caudal vertebra. In length it measured 12 "6 cm.,

in width 7*1 cm., and in thickness 3*4 cm. There was thus

comparatively little difference between the proportions of

the two organs, and it was the left one which was placed

slightly nearer to the tail. Neither kidney presented any

resemblance to the bean-shape which is so usually regarded

as a characteristic feature of the organ. It is worthy of note

that Daudt ^ notes the bean-shaped appearance of the kidneys

in one of his smallest embryos, but in the adult organs we
have not found this feature, nor any very marked difference

between the two organs. Each kidney presented three

definite surfaces, viz., dorsal, mesial, and ventral, separated

from each other by three distinct rounded borders, viz.,

dorso-mesial, ventro-mesial, and external or lateral (PI. II.

Fig. 3).

The dorsal surface of each was smooth generally, and

slightly concave for adaptation to the mass of lumbar pre-

vertebral muscle, but the front part of this surface was in

contact with the diaphragm. Grooves of different sizes upon

this surface indicated contact relationship with parietal

blood-vessels.

The mesial surface was very distinct, and corresponded to

the hinder three-fourths of the entire length of each kidney.

It was clearly delimited from the dorsal and ventral surfaces

^ Daudt, loc. cit.
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by the dorso-mesial and ventro-mesial borders. The greatest

thickness of the left kidney (dorso-mesial diameter) occurred

in association with this surface, but the right kidney was

thickest at a point external to this surface. The renal vessels

entered upon the mesial surface towards its anterior end, but

there was no distinct indentation or hilum. This surface

was further subdivided into two longitudinal areas or facets,

distinguished from each other by a slight longitudinal ridge.

Of these, the dorsal facet was concave, and indicated contact

relationship with the great abdominal vessels—aorta and

inferior vena cava—while the ventral facet was flat, and indi-

cated the mutual adaptation of the mesial surfaces of the two

kidneys. The peritoneal membrane did not occupy the

narrow chink between the two kidneys, but, as already stated,

this interval corresponded to the mesenteric base. In

possessing a mesial surface, the kidneys of this Cetacean

resemble those of other members of the group, but this is

not a character peculiar to Cetacea, as was supposed by

Hyrtl ^ and Daudt,^ for it has been shown that the human
kidney ^ has also a similar surface. It should be noted,

however, that the mesial surface of the human kidney results

from adaptation to the sides of the lumbar vertebrae by which

the two kidneys are separated from each other.

The ventral or visceral surface of each kidney was convex

as a whole, but it presented depressed facets or impressions

corresponding to its visceral relationships. Neither of the

kidneys came into actual contact with the liver, for the

anterior end of the right one was from 3 to 4 cm. distant

from the nearest point in the dorsal margin of the right

lobe of the liver, while the distance between the left kidney

and the liver was about 10 cm. The anterior and outer part

of the ventral surface of the left kidney was considerably

indented, and thereby reduced in thickness, by the dorsal

aspect of the hinder end of the first compartment of the

stomach. The remainder of the ventral surface of the left

kidney, as well as the corresponding surface of the right

kidney, presented indentations corresponding to intestinal

^ Hyrtl . . . quoted by - Daudt, loc. cit.

^ Hepburu, Jour, of Anat. and Phya., vol. xxxiii.
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coils. The outer borders were thick and convex. The

anterior end of each kidney was somewhat thinner than

its hinder end, which was the thicker and more blunted.

There was no surrounding capsule of fat between the

peritoneum and the kidney substance. Each kidney was

divided into numerous lobules. Daudt specifies about two

hundred and fifty as not too high a number. The bases

or surface ends of these lobules were polyhedral, most of

them presenting five or six sides. The general appearance

of the surface of the kidney was that of a mosaic, but

as the lobules were only held together by areolar tissue,

they could readily be separated from each other. The

microscope did not reveal any unusual arrangement of

structure.

A suprarenal or adrenal hody was found at the front

end of each kidney, but neither of these bodies adapted

itself to the front end of its adjoining kidney like a cowl

(" kapuzenartig "), as described by Daudt. They were merely

situated in very close proximity to their respective kidneys.

The right suprarenal (adrenal) measured 3 cm. in length,

2 '6 cm. in width, and 8 mm. in thickness. In general

outline it was triangular. Its thickest side was in contact

with the front end of the kidney. A second side was placed

mesially in relation to the great vessels, while its third side

was directed antero-externally. Its dorsal and ventral sur-

faces were smooth.

The left suprarenal (adrenal) was slightly (3 mm.) longer

than the right one, and also slightly thinner. It was some-

what discoid in outline, and presented the same general

relations as the right one, but its hinder aspect was over-

lapped by, and did not adapt itself to, the front end of the

left kidney. Each of these bodies was composed of a large

number of small lobules.

It may be of interest to observe that these suprarenal

bodies are distinctly smaller in proportion to their respective

kidneys than is the case in the human subject {vide "Quain's

Anatomy," 10th ed.).

In comparison with the human suprarenal bodies, those

of the porpoise are decidedly smaller in length and width,
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but slightly larger in thickness. The average human kidney

is also distinctly smaller than the kidneys of the present

specimen of the porpoise, which, although adult, was not

a large specimen of its kind.

We have thought it advisable to revise the description

of the course pursued by the ureter in its passage from the

kidney to the urinary bladder, because former accounts have

not recognised the presence of a pelvic cavity as a feature of

the abdominal cavity of Cetacea.

Each Ureter passed backwards (i.e., caudally) from the

hinder end of its own kidney, lying between the peritoneum

and the fascia covering the muscles of the dorsal wall of the

abdomen, and situated about 2'5 cm. external to the attached

base of the mesentery. Having approached near to the inlet

of the peritoneal pelvic cavity, the ureter inclined slightly

towards the mesial plane, and crossed superficial to (i.e., upon

the ventral aspect of) the hypogastric artery. Thereafter

continuing its course towards the urinary bladder, it entered

between the peritoneal and fascial walls of the pelvic cavity,

being meantime crossed by the vas deferens. Travelling

onwards, towards the ventral aspect of the pelvic cavity, the

ureters pierced the lateral aspects of the urinary bladder,

obliquely from before backwards, there being nearly 2 cm.

of each ureter buried in the substance of the wall of the

bladder. Under cover of the vesical mucous membrane, the

two ureters coalesced, and thus they presented a single mesial

opening or mouth into the interior of the bladder. This

orifice was situated within a distance of 1 cm. from the outlet

of the bladder. According to Daudt, the openings of the two

ureters "sind bald naher aneinander, bald weiter voneinander

entfernt, dies schwankt zwischen 4 und 9 mm."

The Urinary Bladder was situated upon the ventral aspect

of the abdominal and pelvic cavities. We found it empty

and contracted, thereby presenting dorsal and ventral sur-

faces. The dorsal surface (directed towards the abdominal

and pelvic cavities) was clothed by peritoneum which formed

false ligaments along the apical and lateral margins of the

viscus. The ventral or pubic surface was devoid of peri-

toneal covering, and lay in contact with the ventral aponeu-
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roses of the abdomen proper, as well as in contact with

the fibrous membrane which stretched across the mesial

plane, and united the anterior ends of the two pelvic or

innominate bones. In general outline the bladder was

fusiform and flattened. Its greatest length was rather more

than 10 cm. and its greatest width 3 cm. The anterior end

was sharply pointed, and from the apex so formed a solid

rounded cord-like structure—the obliterated urachus (allan-

tois)—could be distinctly traced forwards for a distance of

4 cm. towards the' umbilicus, occupying the ventral mesial

line, and situated between the linea alba and the parietal

peritoneum. Although this structure contained no lumen,

yet a pit seen in the mucous lining at the anterior pointed

end of the bladder indicated the original position of the

tubular prolongation. On each side of the bladder, the

hypogastric artery was seen approaching under cover of the

lateral false ligament, and distributing its vesical branches

prior to being continued forwards as the obliterated umbilical

artery. The wall of the bladder varied in thickness, measur-

ing 4 mm. immediately opposite the pelvic inlet, but being

thinner both at its apical and basal ends. The mucous

membrane lining the abdominal portion of the vesica was

thrown into well-marked longitudinal rugse, whereas in the

pelvic portion, and especially upon its ventral or pubic

aspect, as well as in relation to the area bounded by the

common orifice of the ureters and the outlet of the bladder,

the mucous lining was smooth. The outlet of the bladder

was situated upon the ventral aspect of the base. It opened

into the urethra, which was visible for a short distance

(3 mm.) as a rounded tube, prior to its disappearance within

the substance of the prostate gland.

The large size of the kidneys, taken in conjunction with

the small size of the urinary bladder, forms a very interesting

subject for consideration. In the first place, it is evident

that the small size of the bladder must result in its being

quickly filled, and therefore the act of micturition must be

comparatively frequent. It can scarcely be owing to the

bodily configuration of the animal that its physiological

economy necessitates such an arrangement. It seems more
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probable that the small size of the bladder may be associated

with the quality of the urine, siuce the large size of the

kidneys points to a plentiful quantity of urine. Since, as

has already been stated, it appears very probable that all the

fluids taken by a Cetacean in, or with, its food-supply, are

of a highly saline character, one would also expect the urine

to be of a high specific gravity, and consequently, if the

urinary bladder had been of such a size as to permit of a

large accumulation of urine, it might have been difficult to

avoid the formation of sedimentary concretions in the bladder.

But there can be very little risk of such an occurrence when,

from the small capacity of the bladder, its contents can

never amount to more than a few ounces, and it must there-

fore be very frequently emptied.

The Testes were situated upon the ventral wall of the

abdominal cavity posterior to the hinder ends of the kidneys,

but with the entire depth of the abdominal cavity between

the two sets of organs (PL II. Fig. 2). Each testis had thus

travelled through half of a circle from its original point of

development. Further, the hilum of each testis was turned

in the ventro-mesial direction, so that each had rotated

about its long axis through three-fourths of a circle. The

peritoneum associated with each testis provided a short

longitudinal mesorchium by means of which the testis was

attached to the ventral wall of the abdominal cavity. Each

measured 6"6 cm. in length, 3 cm. in breadth, and slightly

more than 2 cm. in thickness. They were thus almost

twice the size of the human testes.

Each presented anterior and posterior rounded, and slightly

pointed, ends ; three surfaces and three thick rounded

borders. The borders were mesial, lateral, and ventral or

mesorchial.

The dorsal surface, directed towards the abdominal viscera,

was flattened and slightly indented by pressure from intes-

tinal coils.

The ventro-lateral surface was convex and smooth, being in

close apposition with the ventral wall of the abdomen.

The ventro-mesial surface was also convex, and presented

numbers of indentations, the majority of which were due to
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intestinal pressure, but one immediately to the mesial side

of the mesorchium resulted from pressure of the epididymis,

which possessed its own peritoneal investment distinct

from the mesorchium, and therefore showed a certain amount

of mobility. The general form of the testis was thus pris-

matic, with rounded angles and slightly pointed ends. The

hinder ends of the testes were slightly nearer to each other

than their front ends. It should be specially noted that the

hinder end of each testis extended backwards in relation to

the ventral wall of the abdomen external to the urinary

bladder and the pelvic cavity, so as almost to reach the level

of the anterior end of the innominate or pelvic bone. Pro-

longed still further backwards between the approximating

dorsal and ventral walls of the abdomen, and still external

to the innominate bone, there was on each side of the body a

digital peritoneal recess of considerable morphological import-

ance. This recess extended to a short distance behind the

anterior end of the innominate bone. At the ventro-lateral

or external aspect of the hinder end of each testis a strong,

flat, fibrous band was found. This band was continuous

with the tunica albuginea testis, and escaped from the

mesorchium at its hinder end. Thereafter it was directed

inwards and backwards, and becoming fused with the deep

surface of the aponeurosis of the transversalis abdominis

muscle, it reached a bony attachment into the anterior end

of the outer surface of the innominate bone (pubis). Appar-

ently, therefore, this band may be regarded as homologous

with the gubernaculum testis. A bulky plexus of blood-

vessels occupied the re-entrant lateral angle between the

dorsal and ventral walls of the hinder part of the abdomen,

external and posterior to the position occupied by the testis.

This mass of vessels covered and obscured the convoluted

epididymis and vas deferens.

Seminal ducts emerged from the testis along the area

uncovered by peritoneum, viz., the hilum or base of the

mesorchium. These joined the very finely convoluted epidi-

dymis which formed a definite projection on the mesial side

of the mesorchium. The fine convolutions of the epididymis

occupied the whole length of the mesorchial attachment. At
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the anterior and posterior ends of the testis they formed

agglomerations, of which the former was the larger. At the

hinder end of the testis the epididymis was replaced by the

vas deferens, a tube of larger calibre, although still greatly

convoluted. It turned outwards and slightly forwards upon

the ventral wall of the abdomen, under cover of (ix.y external

to) the peritoneum. In this manner the vas reached the lateral

re-entrant angle of the abdominal wall, where it became

obscured by the vascular plexus already referred to. Con-

siderably increased in size, but still greatly convoluted, it

turned directly backwards, and having reached beyond (i.e.,

behind) the digital peritoneal pouch, the convolutions again

formed a large agglomeration. It then turned round the

hinder blind end of this peritoneal recess and passed forwards

upon the dorsal abdominal wall external to the innominate

bone, thus forming a loop, and being still convoluted. Gradu-

ally inclining inwards, it reached the inlet of the pelvic

cavity at a point nearly 4 cm. in front of the hinder end of

the loop. The convoluted character now ceased, and the vas

deferens crossed superficial to, first the hypogastric artery

and then the ureter, whereupon it again turned backwards

along the outer and ventral aspects of the pelvic cavity.

Then running inwards across the dorsal surface of the

urinary bladder under cover of the peritoneum, which in

this position was so arranged as to provide the two vasa

deferentia with a peritoneal miniature of the uterine broad

ligament, these ducts approached each other in the mesial

plane, and continued their course forwards upon the non-

peritoneal basal aspect of the urinary bladder. Here each

vas deferens presented a fusiform dilatation, with correspond-

ing increase in the size of the lumen. There was no trace of

vesiculae seminales, but the two dilated vasa became firmly

adherent to each other, although each retained its inde-

pendent lumen. Thus situated, the vasa deferentia disap-

peared between the neck of the bladder and the prostate

gland, and finally opened into the urethra by piercing its

dorsal wall.

The position and relations of the testes and their ducts are

of great morphological interest, indicating, as they do, so
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many arrested developmental conditions, which suggest the

evolution of the Cetacean from an animal provided with a

visible scrotum. The course followed by the vas deferens is

much more indicative of historical or reversionary conditions

than of progressive evolution, since it does not by any means
pursue the shortest course from the testis to the base of the

prostate. As regards the testis itself, it is clear that it

has moved from its original position on the dorsal wall of the

abdomen to a point on the opposite or ventral aspect of the

abdominal cavity, rotating on its long axis as it travelled

along a portion of its possible path of " descent " towards a

scrotum. The existence of the fibrous gubernaculum above

described, not only provides a satisfactory reason for the posi-

tion in which the testis of the adult porpoise is found, but,

from the association of this fibrous band with the ventral

aponeurosis and the anterior end of the innominate bone, we
may obtain some interesting light in connection with the

descent of the testis in the case of an animal possessing a

scrotum. If the gubernaculum of the porpoise had been

attached a short distance farther back, the testis might

readily have been drawn from under cover of the hinder

border of the ventral muscles, and thus, along with a con-

tinuation of the rotation of the testis, the condition and

position of the testis within a scrotum would have been

completely and exactly reproduced. That is to say, the

testis would have again placed itself on the dorso-mesial

aspect of that digital prolongation of the peritoneum which

has been above described in relation to the loop formed by

the vas deferens, and thus the testis would have reproduced

the relation to the bursa testis (tunica vaginalis testis) of

animals possessing a scrotum.

Although the porpoise does not possess a scrotum, the dis-

section seems to us to warrant the statement that it possesses

an inguinal region in which the peritoneum forms an in-

fundibular prolongation external to the pelvic bones, and in

the direction of a scrotum had such existed. In fact, this

peritoneal funnel is not unlike that which persists in the

case of human congenital scrotal hernia.

The Prostate Gland was an organ of considerable size.
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Antero-posteriorly (in the direction of the urethra) it

measured 4 cm. in length, while in the transverse direction

it measured rather more. It did not come into actual con-

tact with the neck of the urinary bladder, but left from 3 to

5 mm. of the urethra visible in this position, where the vasa

deferentia and the uterus masculinus were visible.

The dorsal surface of the prostate was to some extent

separated from the adjacent surface of the rectum by the

hinder or blind end of the peritoneal pelvic cavity—the

recto-vesical pouch. Nevertheless this aspect of the pros-

tate presented a longitudinal shallow groove which

corresponded to the wall of the rectum. The anterior or

vesical border of this prostatic surface was thick, rounded,

and well defined. It resembled a thickened ring, into which

the various structures piercing the gland passed.

The ventral aspect of the prostate was flattened. It lay

in close apposition with the hinder part of the strong fibrous

membrane connecting the anterior halves of the two pelvic

or innominate bones.

Transversely, the prostate extended so as to occupy the

space between these two bones, and its lateral margins were

rounded, while the gland as a whole was compressed dorso-

ventrally. The hinder or distal end of the gland faded upon

the urethra.

External to the prostate on its dorsal aspect, masses of

lymphoid tissue were found along the line of the great

vessels, but no glands homologous to Cowper's glands were

seen.

A muscle homologous to the levator ani muscle arose from

the posterior three-fourths of the dorsal aspect of the inno-

minate bone. It was flat and well developed. Its fibres

passed obliquely backwards in the dorsal direction, covering

the hinder and dorsal part of the prostate.

Thereafter they continued their course across the lateral

aspect of the rectum. On the dorsal and posterior aspects of

the rectum, this muscle fused partly with its fellow and

partly with another mass of muscle which arose from the

hinder part of the innominate bones, and very probably repre-

sents the ischial or hamstring muscles of other Mammalia.
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In this manner a narrow funnel was formed, through

which the hinder end of the intestine (rectum) passed to

reach the ventral surface of the body between the posterior

halves of the innominate bones. The superficial end of the

rectum was encircled by the sphincter ani muscle, which in

this case was a special development of the panniculus

carnosus. The internal pudic nerve provided a direct nerve-

supply for this levator or compressor ani muscle.

The Uterus Masculinus was a slender tube about 4 cm.

in length, and of the diameter of a crow-quill. It was

situated mesially in front of the prostate, on the dorsal or

pelvic aspect of the dilated vasa deferentia, and extended to

the mesial portion of their supporting peritoneal membrane.

As already described, this tube disappeared by entering the

prostate in association with the vasa deferentia, but on their

dorsal aspect.

The Penis (PI. 11. Fig. 1) was attached to the pelvic bones

in the region which was essentially the perineum, while the

anterior or penile portion of the organ occupied a deep groove

placed longitudinally upon the mesial ventral aspect of the

post-umbilical portion of the abdominal wall. Within this

groove the penis was covered by the skin, the blubber or

superficial fatty stratum, the panniculus carnosus muscle,

and a strong fibrous membrane or deep fascia.

The preputial sheath was 15 cm. in length, while the

anterior margin of its orifice or slit was 6*5 cm. behind the

umbilicus. In relation to the prepuce, the panniculus

carnosus muscle was disposed so as to form a powerful

sphincter surrounding the preputial orifice, and at the same

time to invest the sheath as well as the adjacent hinder

portion of the penis, both on their ventral and dorsal aspects.

The anterior part of the penis therefore passed through a

strongly-developed tube, partly muscular and partly apo-

neurotic in character.

The penis consisted of two corpora cavernosa and a corpus

spongiosum. The former were attached to the pelvic

bones, while the urethra travelled through the latter.

Each corpus cavernosum was a bulky object attached to

the entire length of the pelvic bone of its own side, on its
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ventral aspect. Each pelvic bone measured 7 "5 cm. in

length. Its caudal end was about 2'5 cm. in front of the

anal orifice, which in its turn was 38 cm. in front of the

mesial caudal notch.

Posteriorly, each corpus cavernosum was somewhat

pointed, but it very abruptly expanded to form a bulb which

was situated immediately and entirely upon the ventral

aspect of the pelvic bone. As the two corpora cavernosa

approached each other mesially, they formed a ventral groove

or interval, which was occupied by the corpus spongiosum.

Towards the anterior ends of the pelvic bones the two

corpora cavernosa became reduced in size, and lying parallel

to each other, they thus formed the body of the penis, which

extended forwards in the ventral mesial line, separated from

the prostate gland by the strong interpubic membrane. In

front of the pelvic bones, the penis lay to the left side of the

mesial plane, and in this position it described a circle (7 cm.

in diameter), which carried it dorsally across the mesial

plane to the right side. Thereafter it passed backwards

until it abutted against the front end of the bulb of the

right corpus cavernosum, which was indented by the

pressure. After describing this complete circle, the penis

again passed forwards and occupied its groove upon the

ventral aspect of the abdominal wall in its course towards

the preputial sheath, within which the corpora cavernosa

began to dwindle in size, at a point about four inches

(10 cm.) from the end of the penis. They continued to

present erectile tissue, visible on section to the unaided eye,

to within three-quarters of an inch (2 cm.) of the tip of the

penis. After the erectile tissue was no longer distinguish-

able, the strong fibrous tissue of the corpora cavernosa

remained as an attenuated cylindrical rod similar to a crow-

quill in proportions, and extending to the tip of the penis.

The corpus spongiosum adapted itself to the circular

course followed by the body of the penis, maintaining at the

same time its original relative position to the corpora caver-

nosa, although not always remaining strictly ventral in

position. Subsequent to the approximation of the two

corpora cavernosa they fused, and all superficial evidence
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of two separate structures was lost. A transverse section

showed that there was neither bone nor definite septum to

indicate bilateral character, although there was a slight

indication of an imperfect fibrous septum. Further, the

corpus spongiosum became submerged within the general

fibrous investment of the two corpora cavernosa, although

it retained a small amount of surrounding spongy tissue,

as well as a special fibrous coat.

At the point where the corpora cavernosa began to dwindle

in size, the corpus spongiosum approached nearer to the

surface of the penis, owing to a diminution in the amount

of the investing fibrous coat. Here also it ceased to occupy

a ventral groove in relation to the united corpora cavernosa,

but the lumen of the urethra did not appear to be enlarged.

The spongy character of the tissue surrounding the urethra

was visible to a point one and a half inches from the urinary

meatus. After the corpora cavernosa had assumed their

attenuated and cylindrical outline, the corpus spongiosum

was moulded upon the rod so formed, and the lumen of the

urethra was therefore crescentic. There was therefore no

glans penis in the ordinary sense of the term, since no part of

the corpora cavernosa was hooded by the corpus spongiosum.

The meatus urinarius externus was situated on the left side

of the tip of the penis. This orifice admitted a No. 4 catheter

into the urethra, which occupied the left side of the glans

penis. Each crus penis was provided with a well-developed

erector muscle (ischio-cavernosus) at its pelvic or bulbar end.

At its perineal end the corpus spongiosum was likewise

provided with a bulb, situated mesially, and ou the ventral

aspect of the adjacent crura of the penis. This bulb was

clothed by a powerful muscle, the ejaculator urinse (hulbo-

cavernosics), which, in the absence of any evidence of a

median raphe, could scarcely be described as bilateral. On
each side, this muscle was attached to the adjacent surfaces

of the corpora cavernosa, while posteriorly (i.e., towards the

anus) it was attached in the mesial line to the central point

of the perineum. As far as could be observed, no part of

this muscle embraced the entire thickness of the penis, and

there was no evidence of a triangular perineal membrane
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distinct from the inter-pubic ligament or membrane. As a

consequence, the transverse perineal muscles, viz., the super-

ficial and the deep or compressor urethrce, were not developed,

and the membranous portion of the urethra was not defined

as a distinct urethral segment.

A powerful bilateral retractor muscle, of pinkish colour,

and 15 cm. in length, came into view through the central

part of the perineum, between the anus and the bulb of the

corpus spongiosum. It consisted of two portions, each of

which arose in association with the strong fascia investing

the longitudinal muscles on the dorsal aspect of the rectum.

Each half passed ventrally across the lateral aspect of the

rectum, and having reached its ventral aspect, the two bands

approached each other mesially, and thereafter continued

forwards on the ventral aspect of the penis, accommodating

themselves to the bulbs and the penile circle. At first these

bands were rounded, but as they passed forwards they

became flattened, and finally were inserted into the strong

fascia investing the penis at a point close to the reflection

of the preputial mucous membrane. Microscopic examina-

tion showed that these muscles consisted of non-striped or

involuntary fibres.

The Urethra presented very distinct j^'t^ostatic and spongy

portions, but it could not be said to possess a membranous

part in the sense in which this term is used in human
anatomy.

(a) Prostatic urethra. On slitting open this part of the

urethra, a distinct verumontanum was exposed. It pro-

jected from the rectal or dorsal aspect of the urethra, and

on each side of this elevation there was a longitudinal groove

or fornix, the right and left prostatic sinuses. At its hinder

end, the verumontanum presented an abrupt free face, upon

which four openings were visible. Of these, two were situ-

ated on the ventral aspect, and the other two distinct orifices,

which were also placed right and left of the mesial plane,

lay towards the dorsal aspect of the free face of the veru-

montanum. Each of the ventral orifices was shaped like a

transverse slit, and could easily be occluded by the pressure

of its two lips against each other. These orifices formed the

VOL. XV. K
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terminations of the vasa deferentia. The two dorsal openings

were somewhat crescentic in outline. Each led into a short

common channel which passed through the prostate gland

and then became continuous with the uterus masculinus

already described. There was no evidence to show that the

uterus masculinus possessed a double lumen. Immediately

beyond the verumontanum the urethra became clear of the

prostate and dilated to form a bulb, which occupied the bulb

of the corpus spongiosum penis.

(Jb) The spongy loortion of the urethra followed the course

of the corpus spongiosum, and when cut across it presented

a small circular lumen, except where it dilated to form

the bulb.

The roots of the penis, and the entire organ to a point

a short distance in front of the penile circle, were invested

in a powerful jacket of fascia, which was continuous laterally

with the fascia, passing subjacent to the mus. obliq. abd.

internus. The remainder of the penis occupied the ventral

groove already referred to, as superficial to the aponeuroses

of the abdominal wall, but intimately associated with the

panniculus carnosus muscle and the prepuce.

The Perineum might be described as a diamond-shaped

region demarcated by very precise boundaries. Thus, pos-

teriorly on each side of the rectum and anus, there were the

small muscle masses passing backwards from the hinder

ends of the pelvic bones. Anteriorly, the region was bounded

by the free hinder edges of the internal oblique muscles of

the abdominal wall, converging as they approached the linea

alba in front of the penile circle. Through the hinder half,

or rectal portion of this lozenge, the anus appeared, while in

relation to the anterior half the urethra was situated mesially,

with the crura penis and pelvic bones placed laterally. The

powerful interpubic membrane, and the strong fascia ex-

tending forwards from it, constituted a partition between the

penis on the one side and the interior of the pelvis and

adjacent part of the cavity of the abdomen on the other.

The perineal lozenge measured 20 cm. antero-posteriorly

and 9 cm. at its widest part.

These details show that notwithstanding the extreme
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departure from the usual mammalian configuration pre-

sented by Cetacea, yet in all the essential anatomical

features, not only the general regions but also the special

structures do not differ very materially from the conditions

which they display in other mammals. In view of the

entire disappearance of their hind pair of limbs, it is

interesting to note that on each side a fragment of the

innominate bone is preserved, the so-called pelvic bone.

No doubt this has remained owing to the vital importance

of the genital organs, and the necessity for providing the

external pudenda with an osseous basis of support. Con-

sidered from this point of view, it does not appear excessively

speculative to suggest that each pelvic bone represents one

half of the pubic arch of other mammals, and that, as in

them, the front part may be regarded as a pubic element,

while the hinder part is more particularly the ischial

element.

Literature.—An admirable summary of literature is

appended to the work of Daudt above frequently referred

to, and where necessary we have referred to these memoirs.

Description of Figures.:

Plate II.

Fig. 1. External generative organs.

Fig. 2. Diagrammatic transverse section throngh tlie trunk at the level of

the testes.

Fig. 3. Diagrammatic transverse section through the trunk at the level of

the kidneys.

Fig. 4. Diagrammatic transverse section through the trunk below kidneys.

Figs, 2, 3, and 4 show the arrangement of the peritoneum.



130 PTOceedings of the Eoyal Physical Society.

X. Colour Variation in Yipera berus {the Common Adder)—
(«) Its Extent ; (h) Its Significance and Explanation.

By Gerald Leighton, M.D., F.R S.E. [Plate III]

(Read 26th January 1903.)

Introductory.—The scientific student who sets out to learn

something of the life-history of serpents cannot fail to be

struck with the fact that almost all the authoritative work

that has been done on the order Ophidia has reference to

only one aspect of an organism, namely, the morphological

aspect. It is, perhaps, well that ophidian morphology should

have been thoroughly dealt with first, since a correct

scientific classification is based on morphological charac-

teristics alone, to the neglect of the physiological processes
;

but the former investigations having been carried to a high

state of perfection, it is surely high time that the ophiologist

turned his attention to the physiological side of these

interesting reptiles. True, there is one portion of serpent

physiology which has had much labour spent upon it, and

that is the problem of the determination of the composition

of snake venom, and the search for an effective antidote, a

twofold investigation which promises to supply material for

still much more research in the future. But apart from the

question of the secretion of venom and its action, very little,

at any rate as far as British species are concerned, has been

done to throw light on ophidian physiology, so that it may
not be uninteresting to draw attention to one of the

physiological problems in a British serpent, viz., the question

of Colour Variation. For our present purpose I shall confine

myself to dealing with one species only—so regarded at least

by those responsible for the existing classification—that

species being Vipera herus, the Adder or Viper, the sole

venomous reptile of Great Britain, and the only serpent

indigenous to Scotland (except the harmless Tropidonotus

natrix, which occasionally occurs in Roxburgh and Ber-

wick).
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{a) The Extent to Which Colour Variation is Found.

The most casual observer of a representative collection

of British adders—a collection such as is to be seen in the

Zoological Museum at Edinburgh University—could hardly

fail to be at once struck with the fact that adders do differ in

a most remarkable manner in colour. But to exhibit this

range of variation to its full extent, the collection must be

representative in two senses. First, the specimens must have

been taken from widely differing localities ; and secondly,

they must have been taken over a period of at least three

seasons of the year—spring, summer, and autumn. Assum-

ing that we have before us a collection of adders, truly

representative in the above sense of the word, what variations

of colour do we find to be present ?

A collection divides itself into two portions from the point

of view of colour; first, the adders that exhibit one colour

only, which we may term for convenience "whole-coloured";

and secondly, adders which exhibit combinations of two or

more colours, this latter group including the great majority.

Midti-Coloii^recl Adders.

The vast majority of adders exhibit combinations of

colours, affecting different parts of the body in varying

degrees. As a rule, the characteristic specific markings are

of a much darker colour than the rest of the body, i.e., the

Y-shaped head marking and the zig-zag dorsal line are of

a black or dark brown colour, and show up more or less

conspicuously from the general body colour. The same

remark applies to the lateral line of spots. If we examine

more closely a series of ordinary adders, we find that it is

possible to assign certain colours to definite parts of the

body.

In the region of the head there are found specimens with

—

Black and white lip scales.

Yellowish red lip scales.

White throat scales with black edges.

Yellow or reddish throat scales.
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The extent of colour variation on the helly is as follows

—

Black.

Dark Indigo Blue.

Bluish Grey.

Mottled Grey or Eeddish Grey.

White, with the external edges of the ventral scales

of a blackish or brown colour.

In the caudal region the ventral aspect of the tail is

generally of some bright colour, yellow or orange-red, or

occasionally white, while on its dorsal aspect the zig-zag

line is frequently merged in a general dark brown colour

over the whole surface.

On the dorsal and lateral aspects of the body, an immense

range of colour variation is noticed, affecting both the

markings and the ground colour. The former vary from

pitch black to light brown, while the ground colour may be

grey, light brown, light green, dark green, or of any inter-

mediate shade. Moreover, while as a rule the dorsal zig-zag

line stands out fairly prominently, the lateral line of dark

spots frequently merges into the surrounding body colour to

some extent.

This completes the bare catalogue of colours and combina-

tions of colours in the multi-coloured common adder.

One Coloured Adders.

It is very exceptional to find an adder which is of uniform

colour all over. When they do occur, they are either

—

1. Black.

2. Some dark shade of green, olive-green, or

brownish green (now recorded for the first

time, as far as I know).

3. Eed.

4. White.

Consider these four varieties seriatim, always bearing in

mind that they are rarities in Great Britain.
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1. The Black Adder.—So rare is this variety of adder in

this country that there are, or were quite recently, only

two British specimens in the British Museum at South

Kensington. But in the year 1894, G. A. Boulenger was

fortunate enough to have a number of these black adders

sent to him from Denmark, no less than fifteen in all—all

these coming from the island of Seeland, most of them from

the neighbourhood of Vordingborg, in the south of the island.

This series afforded him an opportunity of investigating the

production of the melanism, and he communicated his con-

clusions to the Zoologist of February 15th, 1895. His view

of the method of development of the melanism is embodied

in the following paragraph, quoted from the article above

mentioned :

—

" Of special interest are a number (15) of black specimens,

all from the Island of Seeland, where they appear to be of

common occurrence. Most of them are males, and I have

satisfied myself that the melanism is usually obtained, in that

sex, by the expansion of the black markings, as is proved

beyond a doubt by some intermediate specimens, among

which is one having the black of the back, formed by the

expansion of the vertebral band, separated from that of the

sides, formed by the coalescence of the lateral spots, by a

narrow light brown undulous stripe. In females, on the

other hand, as well as occasionally in males, the black is

produced by gradual darkening of the ground colour; so that

in most cases, under certain lights, the typical markings may

still be detected. So far as we know at present, the former

type of melanism is not found in Great Britain ; all the

specimens hitherto examined are of the latter type, and

females."

In 1901 and 1902 I had been fortunate enough to obtain

three British specimens of the black adder, a careful examina-

tion of which has led me to a slightly different conclusion

from that of Boulenger, Three other specimens from the

neighbourhood of Beattock showed partial melanism. In

each case this was similarly produced, irrespective of the fact

that both sexes were represented. In all three specimens the

melanotic colouring %im.s an extension up the sides of the hody
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of the dark ventral colour. Inasmuch as this had been

recorded in the series of black adders from Seeland examined

by Boulenger, and that he had noted the absence of this p7vcess

in male Mack adders in this country, I deemed it advisable to

have these specimens examined by him, and accordingly sent

them for his inspection. I quote the following from his

report (which dealt with scaling variations as well as colour

variation) :

—

" I have examined carefully the vipers you sent, and which

I now return. N'os. 3, 6, and 8 have evidently a tendency

to melanism, this being produced by an extension up the

sides of the black of the ventral region. There is certainly

no appreciable difference of colour between 3 and 8, although

of various sexes."

Boulenger therefore drew the same conclusions from these

three specimens that I have indicated, namely, that they

exhibited the process of the production of melanism, and

that in these specimens that process was proceeding from a

gradual darkening of the body colour, by an extension up

the sides of the ventral black colour, irrespective of sex. It is

of interest to add that these three adders, all from the same

locality, all showing unusual pigmentation, were also all

exceptional in the arrangement of their body scales.

2. Some Dark Shade of Green.—As far as I am aware,

adders exhibiting this phase of uniform colouring have not

previously been recorded, and although at the beginning of 1902

I possessed a collection of some three hundred British adders,

I had never seen any of the type under consideration. So that

we may fairly conclude that these, too, are extremely rare.

But on the 28th of April 1902 I received nine adders from

Mr James Bartholomew, Kinnelhead, Beattock, four of which

I at once saw presented some most curious variations in

colour and in scaling. I cannot enter into the scaling varia-

tions on this occasion, though I should much like to do so at

some other time. One of these Beattock adders was of a

uniform dark olive-green colour all over, and was a male

adder, 24 inches in length, the tail measuring 3 J inches

(length 610 m., tail 90 m.). It showed none of the charac-

teristic appearances of the common British adder. There was
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no V-shaped mark on the back of the head such as is usually

fairly conspicuous in Scottish specimens, neither was there

any indication of the dark zig-zag line which is generally

very prominent along the whole length of the mid-dorsal

aspect. In addition to this, the lateral line of regularly

shaped pigmented spots—also characteristic of the common
adder—was not to be seen. In short, the whole surface of

the adder, which is exposed when the reptile is lying in the

natural attitude, was of a uniform dark greenish brown shade

—so that the specimen was unique in its colour variation.

3. Red Adders.—Eed colouring in adders is always

associated with the female sex. All authorities agree on

this point, and no common adder of the male sex, red in

colour, has ever been recorded. But these so-called red

adders are not in reality whole-coloured, inasmuch as the

characteristic adder markings are usually very distinctly

seen, and are of a brown tint. If the belly of these be

examined, it will be seen to be mottled grey or bluish grey

in colour, not red, so that the red colour is, strictly speaking,

the ground colour only. But there is a variety of adder

in which the red colour may extend all over the body,

including the belly, of which I am able to exhibit a speci-

men, and, curiously enough, in this variety the males also

exhibit the same colouring as the females, so that these are

truly whole-coloured, and red. This variety is the so-called

Small Ked Viper. This rare snake has, in my opinion,

considerable claim to be regarded as a valid species, but

that is a discussion on which I cannot enter now. The

present point is that the common adder exhibits red colour-

ing in the female sex only, while true, whole-coloured red

adders occur in both sexes of the Small Eed Viper.

4. White Adders.—The so-called " White Vipers " may be

dismissed in a word or two. The term is applied to those

adders which show a silvery-grey body colour along with

very black markings, so that these adders also are not truly

whole-coloured. A really white adder, that is, an adder

which has no colour in the strict sense of the word, is

occasionally to be found in very old museum specimens, as

the result of the specimen having been bleached from long
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exposure to the light. If such a specimen occurred in

nature, I think one would be forced to regard it as a

pathological condition in which there was a non-production

of colour. I once encountered what looked like a specimen

of this kind on G-arway Hill in South Herefordshire, but

the reptile eluded capture, and I was therefore unable to

examine it closely.

(&) Significance and Explanation.

I hope I may be forgiven for drawing attention here to a

very simple point, but one the neglect of which has been

responsible for much confusion in this matter. I refer to

the necessity of very clearly recognising the distinction

between the two phenomena of Protective Coloration and

Colour Variation. Most snakes show some protective

coloration or adaptation in colour to the nature of the soil

or vegetation in the places which they frequent. Thus, some

desert snakes are deserticolous, the grass snakes are greenish,

and so on. Colour variation is an entirely different problem,

and is concerned with the variations in colour of the

members of any given species, irrespective of whether that

species is protectively coloured or not. It was on account

of these two phenomena being confused together that the

problem of colour variation proper was neglected and all

adder colouring presumed to be protective. I have shown

elsewhere^ that the theory that the varying colours of

adders are entirely due to the nature of the locality they

inhabit is not supported by evidence, though it was, and to

a great extent is still, regarded as the main explanation of

the variation found. I do not deny that adders are

protectively coloured, but the fact remains that, even if they

be so protectively coloured, they exhibit great colour

variation, and it is the latter question we are at present

concerned with. In other words, a series of fifty adders

taken in one locality may show some protective coloration

due to the influence of their environment, but they also

show great variation which cannot be conceived to be also

^"British Serpents," chap. ix.
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due to their living under the same conditions. It is not true

that the black adder is black because it lives in dark woods,

that the red adder is red because it dwells on sandy soil,

and that the greenish brown is so coloured because of an

environment of a similar hue. I have taken specimens of

all these types from the same hillside at the same time of the

year, which fact alone proves that the problem of colour

variation in adders is one very distinct from that of their

protective coloration.

G. A. Boulenger alone among British ophiologists has

insisted upon the explanation of adder colour variation

being due to the influence of sex, certain colours being

associated with the male and others with the female sex
;

and that this explanation has been so reluctantly recognised

by the ordinary naturalist is probably due to the fact that

the average naturalist does not distinguish the sexes in

adders as readily as he does in other vertebrate species. If

we separate a collection of adders into two divisions, the

males and the females,—and this can be readily done by

external characters alone,—the importance of sex as a

factor in colour variation is at once seen. All the brilliantly

marked specimens, with intense black markings, black throat

scales, and grey ground colouring, are found to be males

;

while the remainder, which are characterised by shades of

green and brown and less brilliant colouring, are found to

be females.

But this by no means exhausts the matter. Amongst the

comparatively more brilliant males, some are more brilliant

than others ; among the less brilliant females, some are much

duller in colouring than others. In order to throw some

light upon this point, I arranged my own adder collection in

another way, with a rather striking result. I arranged

them in order of their apparent age. I say apparent,

because I do not know any method by which one can

ascertain the exact age of an adder captured in the open,

but it is, of course, obvious that an adder 26 inches long is

old, and one 8 inches long very young. On September 26th

1900, I encountered an adder in North Monmouthshire in

the act of parturition, and captured the mother and the
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whole litter, consisting of fourteen young ones. The mother

was 26 J inches long, therefore obviously old; the young, as

I say, were just at full time. Of the fourteen young ones,

ten were males and four were females, but at that stage of

development there was no appreciable difference of colour-

ing, at any rate as far as the markings were concerned. All

the characteristic adder markings were quite distinct, but of

the same colour in the two sexes. Six months later, in

the early spring of 1901, I took several pairs of adders in

the act of copulation, and the two sexes were very sharply

defined by the colours noted above. The result of this series

of observations I found to be this. The young male of 18

to 20 inches in length, in the prime of life that is, was

found to be the most brilliantly coloured of all adders, black

and grey being at that time most sharply defined as distinct

colours. The young female of 20 to 22 inches was likewise

found to be the most brilliant of the females, the green and

brown and red being more sharply defined than either

before or later. In very old specimens of both sexes the

colours tend to lose their sharpness and become dull, this

being more noticeable in the females than in the males. In

very old females the markings tend to become obliterated

in the general body colour, not from an extension of the

pigmentation of the markings into the surrounding skin, but

rather, I think, probably from a cessation of the physio-

logical process of pigment production. Colour variation in

adders, then, is to be regarded as significant of Age as well

as Seo:.

My own observations up to the present as to the produc-

tion of whole-coloured adders, i.e., black adders or greenish

adders, make me inclined to doubt Boulenger's explanation

of the process differing in the two sexes. It is doubtless

true that in some instances the dorsal dark line, instead of

being zig-zag, is represented by a continuous band formed by

the coalescing of the lozenge-shaped spots. But when this

happens, the dorsal line is simply a longitudinal black

band, not extending, so far as I have seen, laterally.

Similarly, the lateral line of spots may become joined

together as a longitudinal lateral line, but I have not
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seen a specimen in which this line extends upwards to

coalesce with the dorsal band. But in the series of speci-

mens from Beattock, I noticed that the black belly colour

was gradually extending up the sides of the adder so as to

include the lateral line which was obliterated ; and it seems

to me that the further extension of this process is that

which most likely accounts for the production of a one-

coloured adder. This view is supported by the fact that if

a black adder, which to ordinary vision exhibits no mark-

ings, be put into absolute alcohol, one can then clearly see

by the reflected light the zig-zag line unaltered in its

character, but enveloped in the surrounding dark body

colour. This I have observed in the two sexes in my
specimens, the male black adder being hitherto unrecorded

for Great Britain. My specimen was from Carmarthenshire,

South Wales.

A very interesting question suggests itself in this con-

nection, but one which in adders is singularly difficult to

investigate. What influence has Heredity in this colour

variation, if any ? It has hitherto been supposed that this

influence is practically non-existent, because there is a case

on record in which a black female adder brought forth

seventeen young ones, only one of which was black, that

one being a male. The difficulty, of course, is that in

specimens taken in nature, it is impossible to find out any-

thing about their antecedents. Secondly, adders refuse to

feed in captivity, and it is practically impossible to breed

from them under observation. But it is worth recordino-

that the three black adders I have taken in this country

were all secured within a few hundred yards of the same

spot, and others have been seen there, which seems to my
mind to indicate that there may be such a thing as a race

of them there, and therefore hereditary influence operating.

The same suggestion occurs to one from their being so

relatively common in the locality from which Boulenger

obtained his series in Seeland. In other localities in which
adders are common, black ones have never been heard of.

Of the regional colourings, those seen on the throat are

the most significant of sex, the black-edged throat scales



1-40 Proceedings of the Royal Physiccd Society.

being almost, but not quite, distinctive of the male sex. In

one or two anomalous specimens I have seen this colouring

in females, but very rarely. The reddish yellow throat is

found only in the female, as far as I have seen. These two

sexual distinctions extend to the lip scales in a marked

degree. Males often have the two anterior upper labials

quite black, and the remaining six or seven upper labials

black-edged. In females the whole of the upper labials are

often whitish or yellowish red.

The black belly is more often seen in males than females,

but not exclusively so.

The frontal shield and parietal shields are almost always

darker in males than females, and in the latter are frequently

surrounded by a light green -coloured area, which I have

never seen in males.

Lastly, the brilliant orange on the ventral aspect of the

tail is developed irrespective of sex, and its significance is

unknown at present.
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""
^Position X

XL The ''Scotia'' Closing Plankton Net. By William S. Bruce,

F.RS.G.S.

(Read 23rd March 1903.)

The accompanying drawings show a form of closing net constructed

on board the "Scotia" after a design, the primary idea of which I

gained from the Scottish Reversing Thermometer Frame. In short,

a weight runs down the cord A, strikes the lever B, raises brass

rod C, which liberates hook D from position X to position Y. This

lets go net cords E, and net becomes suspended as in position Y
by cord F, which is a continuation of A, and draws up neck of

net and closes it. F is passed through a series of rings round neck.

G is coarse material, H Swiss silk or other material. The end

takes off at I, as in Hensen's net. Thus by letting whole apparatus

down nothing enters net, but on hauling up the tow-netting proceeds

and goes on vertically until the weight is sent down cord A at

desired depth, when position Y is obtained, and nothing enters

or gets out of net. It is also easy to trawl in fast in this position.

The net can be made any size.
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Monday, 2ord Novemher 1903.—The retiring President

(Professor J. Cossar Ewart, F.R.S.) delivered an address

on "The Making of the Elephant," of which the following

is an abstract :

—

In 1880, as many of you are aware, Huxley in an

admirable address celebrated the coming of age of the " Origin

of Species." Now that more than twice one and twenty years

have elapsed since this epoch-making work first appeared,

the question may be asked, How far has it fulfilled the

promise of its youth ? to what extent has the " Origin " assisted

in establishing the fact of evolution, and in proving that

natural selection has been the main, if not the sole factor

concerned in peopling the earth with its numerous species

of plants and animals ? I do not propose to submit an ex-

haustive answer to this question, but rather to indicate some

of the conclusions arrived at as to Heredity and Natural

Selection, from the observations made in the course of the

experiments I have for some years been engaged in.

In the seventies, the great exponent of the evolution

hypothesis, by making use of the discoveries of Marsh, Cope,

and others, succeeded in giving a wonderfully complete

account of the ancestral history of the Equidas. Now,

thanks largely to Dr Andrews of the British Museum, we

VOL. XV. L
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have material for constructing a fairly complete pedigree

of the Proboscidea.

I shall not attempt to do for the Proboscidea what Huxley

so successfully accomplished for the Equidae, but I shall use

the fossil elephants as a text on which to hang my observa-

tions on Heredity and Natural Selection, satisfied that if I

fail to interest you on these abstruse and difficult problems,

I shall at least succeed in directing your attention to one

of the newest and most fascinating chapters in the history

of the Mammalia.

I need hardly remind you, that while the horse attracts

our attention mainly because of the wonderful specialisation

of the limbs, the elephant has long been a source of interest

because of his remarkable trunk and his still more remarkable

dentition.

I have often wondered how naturalists who believed in

special creation pictured in their minds the making of the

large quadrupeds, birds, and reptiles. It will be at once

admitted that it is much easier to imagine the lordly elephant,

emerging in all his strength from the placid surface of a

sylvan lake, or issuing from the dark recesses of a primeval

cavern, than to think of his being evolved, after untold

struggles during countless generations, from PhenacoduSy or

some equally primitive Eocene ungulate.

But it is no longer possible to account for the appearance

of the elephant by the simple special creation theory which

so completely satisfied so many naturalists up to the middle

of the nineteenth century, for we are now able to trace his

descent to comparatively simple forms which flourished

about the middle of the Eocene epoch ; and it may be

safely predicted that in the Lower Eocene beds his ultimate

ancestors will sooner or later be discovered.

Then followed a description of the skull and teeth of

Moeritherium, Pakeomastodon, and Tetrahelodon, based on the

memoir by Dr Andrews, recently published in the Philo-

sophical Transactions of the Royal Society}

The more striking features of these extinct forms having

1 "On the Evolution of the Proboscidea," Phil. Trans., 1903b, pp. 99-118.
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been referred to, the question was asked, Can we by the

theory of natural selection satisfactorily account for the

evolution of the Proboscidea—for the development of the

trunk, the lengthening and subsequent shortening of the

mandible, and the remarkable modifications of the teeth and

cranium.

Before considering this question, it may be as well to

point out that we are still lamentably ignorant of the causes

of variation, without which natural selection is powerless

to effect changes in even the simplest organisms.

Not only must it be admitted that we know surprisingly

little of the causes of variation, but we must also admit that

there is little chance of the mystery of variation being solved.

Variation may be said to be the inheritance of the ages.

It is an attribute of protoplasm as inscrutable as life itself,

a force which responds to various kinds of stimuli, and hence

to a certain extent under control, but withal a force we can

neither create nor destroy.

Taking variation for granted, let us now inquire how

far the theory of natural selection accounts for the making

of the elephant.

At the outset, it is well to remember that Darwin did not

regard natural selection as the sole factor in organic evolu-

tion. " I am convinced," he said, " that natural selection has

been the main, but not the exclusive means of modification."

Wallace, the joint discoverer of the doctrine, has, however,

again and again stated that he believes natural selection has

been and is the sole cause of organic evolution ; that by

natural selection, and natural selection alone, we can account

for the disappearance of some forms and the gradual modi-

fication of others;

If Wallace is right in his contention, then the last word

has been said as to the general method of evolution ; but

if Darwin was right in believing natural selection was one

of several factors, that it was in itself unable to effect all the

wonderful changes in organic nature, it behoves us to find

out, if possible, the other factors. That there is much to be

said for Wallace's view may be inferred from the fact that

the only serious criticism of natural selection has consisted
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in pointing out that it fails to provide a complete explanation,

because it has hitherto failed to explain how progress is

possible in more than a single direction without some form

of isolation—without something to take the place of fences

and other barriers, regarded as indispensable in artificial

selection. In answer to this criticism, it may be replied that

even should some form of isolation be necessary, it by no

means follows that isolation is not a part, it may be an essen-

tial part, of natural selection, as essential as are barriers in

artificial selection. Whether isolation may be regarded as

an integral part of the doctrine of selection will obviously

depend on the nature of the isolation.

Several naturalists who believe that new varieties, unless

sterile, or nearly sterile, with the parent species, must sooner

or later be swamped by intercrossing, have arrived at the

conclusion that all varieties which happen to be fertile with

the parent species inevitably disappear, unless accidentally

isolated. Huxley tells us that in his earliest criticisms of

the " Origin," he ventured to point out that its logical

foundation was insecure, so long as experiments in selective

breeding had not produced varieties which were more or less

infertile.

A similar attitude was subsequently adopted by Moritz,

Wagner, Eomanes, and others. Wagner believed that it

was impossible for new species to arise without the help of

physical isolation; while Eomaoes asserted that, owing to

the swamping effects of free intercrossing, the evolution of

species in divergent lines (i.e., polytypic evolution) was

impossible by natural selection alone. In his theory of

physiological selection, Eomanes believed he had discovered

the missing factor. The criticisms of Huxley, Eomanes, and

others are obviously based on the assumption that inter-

crossing inevitably results in the swamping of all new
varieties which happen to prove fertile with the parent

species. That all new varieties fertile with the parent

species and with other varieties are thus nipped in the bud

by intercrossing has not been proved, neither has it been

proved that the only chance of any given new variety

surviving and eventually forming a new species depends on
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its being more or less unfertile with the parent form and

with other varieties in the same area. I doubt very much

if free intercrossing would result in the loss of all the

present domestic breeds. Domestic animals have strong

likes and dislikes, and vary greatly in their fertility and

prepotency. It is hence possible that, were representatives

of several breeds of horses, sheep, or cattle set free and

allowed an unlimited range, instead of giving rise to a single

well-marked variety they would form several varieties, some

of them, it may be, differing but little from the breeds

originally set free. So exclusive are some varieties that,

though confined in a limited area and allowed to intercross

freely, pure specimens would probably persist for an indefinite

period. Evidence in support of the view that new varieties

are not necessarily swamped by intercrossing, we have in the

results obtained by Mendel and his followers.

According to Mendel's law, the offspring of two varieties

when interbred, yield offspring representing the two original

varieties as well as the crosses ; the second and succeeding

crosses, when interbred, yielding pure and mixed offspring as

before.

Mendelian experiments may hence be said to practically

dispose of the assumption that intercrossing invariably results

in the swamping of new varieties.

But not only are many varieties so constituted that when
intercrossed they sooner or later emerge in their original

purity; there are varieties so exclusive that when crossed

they invariably yield offspring having the characters of either

the one parent or the other, but are never intermediate. For

these and other reasons it follows (1) that intercrossing does

not inevitably lead to swamping, and (2) that infertility

between a variety and the parent form is not the only

possible means of affording a new variety the chance of

developing into a new species.

We now know that there is hardly any limit to the varia-

tion of germ-cells. To indicate the nature of some of these

variations, a few instances may be given from the Equidae.

I have an Exmoor pony that proved sterile with various

breeds of horses, but fertile with a zebra and a Kianf:^.
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Another pony—one of the Celtic variety—proved sterile with

a zebra, a Kiang, an Arab, and three other ponies, but had off-

spring to a crossbred pony presenting the more striking traits

of the Celtic type. There is no record of equine mules having

perfect germ-cells, but one of my zebra hybrids, after return-

ing from a prolonged visit to England, had a small number

of ripe sperms. Before leaving for the south, and within six

weeks after his return, mature germ-cells were conspicuous

by their absence.

Both horses and mares are sometimes quite sterile until

some decided change is made in their surroundings, such as

a change of food, a change from an outdoor to an indoor life,

or a change from one district to another.

If, in obedience to the Mendelian law, a considerable

number of the offspring inherit the characters of a new

variety which happens to be pre-eminently adapted to its

environment, or if because of its exclusiveuess a new and

highly favoured variety produces a number of offspring

identical with itself, or if the members of a variety only

prove fertile in certain areas or when some change takes

place in the immediate surroundings, or only consort with

members of a similar variety, it will be evident that there

are many possible ways in which the foundations of new

species may be laid. Here it may be asked. Can these and

other like forms of isolation be regarded as forming part of

the doctrine of natural selection ? I think they would all be

included in natural selection by Mr Wallace, and I see no

reason why any of them need have been excluded by Mr
Darwin. What sort of subsidiary factors Mr Darwin had in

his mind when he spoke of natural selection being the main

factor it is difficult to imagine. It, I believe, might make

for clearness if natural selection were divided into environ-

mental and germinal selection.

The differences between the germ-cells of a variety and

the parent species would afford scope for germinal selection

— differences in fertility and vitality, in the ability to

respond to various kinds of stimuli, and to transmit the

distinctive characters of the variety to which they

happened to belong.
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An opportunity for this kind of selection to come into

operation would only occur to the varieties not eliminated

by environmental selection, the struggle with other organisms,

the struggle for food, the struggle against heat and cold,

floods and tempests, and all the other trials which have to

be faced before maturity is reached.

It is needless to say that the survivors of the struggle with

the environment would in most cases show a very consider-

able amount of variation, for it is not accurate to say that

environmental selection results in the survival of the fittest,

and ruthlessly eliminates everything that fails to pass the

test of utility; at the most the environment eliminates the

unfit. As a matter of fact, most environments are wonder-

fully tolerant, and capable, as a rule, of sustaining many
different varieties and species of both plants and animals.

Hence, though many promising varieties succumb before

they are old enough to breed—are eliminated by environ-

mental selection, a considerable number survive and do their

best to originate new species. Of the survivors from the

struggle with the environment it is impossible to forecast

their future. Again and again I have failed to preserve

striking and interesting variations. I have had rabbits

without a tail, rabbits which were wont to spin like Japanese

dancing mice, and dwarf rabbits with legs bent like a

Dachshund, but in each case I failed, as breeders say, to fix

the type. These and other failures led to the inquiry. Why
are some sports inherited, e.g., the habit of pacing in horses,

while others have only a transitory existence ? The answer

to this important question is, I believe, that variations are

qualitative as well as quantitative, physiological as well as

morphological. Hitherto, as far as I can gather, attention

has been mainly, if not entirely, directed to the mor-

phological or structural aspect of variations. That they

require to be considered from a physiological as well as a

morphological standpoint will, I think, be at once admitted.

By intercrossing, some variations are at once swamped, but

others persist unaltered. That one variation is inherited

while another is lost must be due to some subtle difference

in the germ-plasm from which they spring. Though it may
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be impossible to determine the nature of this difference, to

say whether it is due to greater vigour of the entire organism,

or to higher vitality in the structure or organ involved, its

recognition is of first-rate importance, for in no other way is

it possible, as far as I can see, to account for the persistence

of some modifications and the abrupt disappearance of others.

By way of illustrating what I understand by natural

selection, I shall endeavour now to indicate how I believe

the recent elephants were derived from their primitive

Eocene ancestors. This will be perhaps best done by

directing attention to the modifications of the mandible. In

Moeritheritim the mandibular symphysis is 75 mm. in length,

in Palceomastodon 400 mm. in length, i.e., five times longer

in Palceomastodon. Part of the difference is doubtless due

to a difference in the size of the two animals. A more

accurate indication of the increase will hence be obtained by

contrasting the length of the symphysis with the total length

of the mandible. In the Moerithcrinm the mandible is five

times the length of the symphysis, in Palceomastodon the

mandible is 2J times the length of the symphysis. In the

case of Tetrahelodon, tlie symphysis is nearly half the length

of the mandible. It measures 540 mm., and is hence 7 '2

times longer than in Mocritherium, and 1'3 times longer than

in Palceomastodon.

In the Indian elephant the symphysis, instead of measuring

540 mm. as in Tetrahelodon, only measures 200 mm. The

mandible, instead of measuring 1206 mm. as in Tetrahelodon,

only measures 512 mm., which makes the mandible in

Mephas 2| times the length of the symphysis, or relatively

only half as long as the mandible in Moeritherium.

From these measurements it follows that the symphysis,

from being 4th the length of the mandible in Mocritherium,

increased until it was half the leno-th of the mandible in

Tetrahelodon, in which it is nearly 2J times longer than in

the Indian elephant.

The question now is, How was it possible for the symphysis

to rapidly increase in length during the first half of the

Miocene period, and as rapidly diminish during the second

half?
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That variation would provide material for both the length-

ening and reduction will be at once admitted, but it is of

course impossible to estimate at what rate the variations

would appear. The range of variation around a mean is

said sometimes to be over 20 per cent., with a continuous

addition of 10 per cent. At this rate the symphysis might

be increased from 75 mm. (the length in Moerithermm) to

nearly 200 mm. (half the length of the symphysis in

Pcdceomastodon) in ten generations. This is assuming that

there was no swamping, no reversion towards mediocrity,

and that the 10 per cent, gained by each generation would

be handed on undiminished to the next.

Provided the lengthening of the symphysis and of the

trunk (which doubtless increased pari pccssu with the

mandible) counted in the struggle for existence, even if

there was only an increase of 1 or 2 per cent, in each

generation, the difficulty would obviously not be the want

of material with which to effect the elongation. Likewise,

when new conditions favoured more complex modifications,

viz., the reduction of the mandible to a mere spout-like

process, without a corresponding reduction of the trunk,

abundant variations would still be available.

The difficulty in effecting these remarkable modifications

would not be a want of suitable variations or of selection on the

part of the environment. The difficulty consists in accounting

for the useful variations being preserved ; in explaining how
the progress achieved in one generation was handed on, even

in a greatly diminished form, to the next. Darwin fully

realised this difficulty, for he firmly believed in the principle

of reversion ; but, as far as I can gather, he assumed it could,

in most cases, be overcome by isolation, by preferential

mating, or by the transmission of acquired characters, and

other subsidiary aids of a Lamarckian kind.

Romanes, as already pointed out, argued strenuously in

favour of physiological selection, and firmly believed that

proof would eventually be obtained in support of his assump-

tion that similarly modified varieties were frequently more

fertile with each other than with the parent species, or with

varieties modified in a somewhat different direction.

VOL. XV, M
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It is extremely probable that during the evolution of the

elephants, incipient varieties, modified in the same direction,

at the same time, and in the same area, sometimes escaped

the swamping effects of intercrossing by wandering from the

ancestral home, or by having a preference for each other, by
being more or less infertile with the parent species and other

varieties, or by flourishing under conditions repugnant to or

unsuitable for other varieties.

But while any or all of these may have assisted in effecting

alterations in the mandible and trunk, the teeth and cranium,

I believe new varieties were able to establish themselves

mainly because of some unusually favourable condition of

the germ-plasm—subtle alterations, neither capable of being

seen nor measured, which resulted in increased vigour, in

exclusiveness, or in the power to so completely dominate

or control the development, with the result that such

fortunate varieties not only escape being swamped by inter-

crossing, but either swamp the parent form and other

varieties they happen to encounter, or prove so exclusive

that the offspring faithfully reproduce the one variety or

the other.

If it is admitted that Germinal Selection finishes the work

begun by the environment—finally decides which varieties

are to continue, which to disappear, I think we may agree

with Wallace that Natural Selection is the sole factor in

organic evolution.
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XII r. Contributions to the Terrestrial Zoology of the Feiroes.

Communicated, with Notes and a Summary, by Nelson
Annandale, B.A.

(Received 8tli February 1904; read 22nd Fehruary 1904.)

PART I.

Introductory Note.

I propose to offer to the Society a series of short papers,

which various authors have been kind enough to contribute,

on the terrestrial zoology of the Faroes. The majority of

these papers are primarily reports on a small zoological

collection made during last August and in the summer of

1900, but an attempt will be made to add previous records

from other sources. Although the botany of the Faroes ^ is

now being described in a very elaborate manner by Professor

Warming, of Copenhagen, and others, our knowledge of the

terrestrial zoology is still meagre. If the present contribu-

tions call attention to the fact, they will not be in vain.

I am responsible for all statements enclosed in square

brackets.

—

jST. A.

LAND AND FRESHWATER MOLLUSCA.

By Walter E. Collinge, M.Sc.,The University, Birmingham.

Mr Annandale has invited me to furnish a report upon

the few land and freshwater Molluscs collected by him and

Mr F. H. A. Marshall in the Faroe Isles.

All the specimens collected are referable to well-known

species, but they exhibit slight deviations from their respec-

tive types, due possibly in some measure to isolation.

Limax arhorum, B.-Ch.—Thorshavn. All immature speci-

mens.

[Collected in July and August. Not uncommon; chiefly

in gardens, and so probably introduced.]

Agriolimax agrestis (Linn.)—Thorshavn. [Common.]

Arion ater (Linn.)—Thorshavn. [Very common.]

1 " The Botany of the Faroes," London and Copenhagen.
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The form of the terminal ducts of the generative organs

of these specimens agrees very closely with those I have

described and figured in the Journal of Malacology, 1897,

vi. p. 7, pi. ii. fig. 1, and differs from those of the large black

slug common in the British Isles, Arion empiricorum, Fer.

In addition to black and brown forms, there is a bicoloured

variety also.

[The black and brown forms are about equally common

in the hayfields round Thorshavn and in Naalsoe, but the

bicoloured form, which is much scarcer, is usually found in

swampy ground, outside the cultivated zone which surrounds

the villages.]

Vitrea alliaria (Miller)—Thorshavn and Naalsoe. August

1903.

I have to thank Mr B. B. Woodward for kindly examining

these specimens and expressing an opinion on them. He
writes, " They are all what I know as Vitrea alliaria. Those

marked 1 and 3 are to my mind typical. Of the No. 2, in

spirit, the smaller individual is typical, the larger shows

an individual variation, being slightly more tightly coiled,

which contracts the umbilicus slightly, and raises the spiral

correspondingly."

[Common under stones in cultivated zone.]

Limnaea palustris (Mull.)—Thorshavn.

A single immature shell, which I think may be referred to

this species.

ISOPODA. By R. F. Scharff, Ph.D., F.L.S.

The terrestrial Isopods collected in the Faroes include only

two species, both of which belong to the Oniscidae, viz.,

Oniscns asellus and Porcellio scaler, and these do not differ

from specimens taken in the British Islands or on the

Continent.

Oniscus aselhis (Linn.) is perhaps the most common of the

European woodlice, especially in the neighbourhood of human
habitations. It occurs almost throughout continental Europe,

and has been taken also in the Azores, in Iceland, Greenland,

and in North America.

[This species is not very common in the Faroes, the
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succeeding one being far more abundant, especially in

uncultivated ground.]

Porcellio scaler (Latr.) occurs in the Faroe Islands in the

typical unicoloured form, and in the variety marmorata, both

of which are also common in the greater part of Europe. The

species has been recorded from Iceland, Greenland, North

America, Kamtchatka, the Cape of Good Hope, and several

of the more isolated islands, such as Ascension.

[P. scaler is abundant in the Faroes, especially under stones

on the moors near the sea. The two varieties of the species

often occur under the same stone.]

mSECTA APTERA.

By George H. Carpenter, B.Sc, M.R.I.A.

The collection of Aptera from the Faroes comprises only

three species, all of which occur in the British Islands, and have

a wide general distribution. It is of importance, however, to

estimate as accurately as possible the precise range of these

humble wingless insects, as their conveyance across any wide

tract of ocean may be regarded as impossible. The pre-

sence of the same species in a scattered series of islands

may be taken, therefore, to indicate clearly some former land

connection.

One of the Faroe Aptera is a Bristle-tail (Thysanuran),

while the other two are Collembolans or Spring-tails.

Thy s anu ra.

Machilid^.

Machilis maritiina (Leach)—Naalsoe, under stones on sea-

cliff about two hundred feet above the shore. One female

specimen.

This well-known shore-haunting form has a wide range

along the western European coasts—Canary Islands, Spain,

France, Ireland, Great Britain (including the Orkneys and

Shetlands), Holland, Norway, and now the Faroes.

Collembola.
Entomobryid.e.

Isotoma arlorea (Linn.)—Thorshavn, on rotten wood of
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shrubs in small plantation. Many specimens, all taken

together.

This is a North European species, inhabiting Novaya
Zemlya, N'orway, Sweden, Finland, Switzerland, France,

Scotland, and Ireland. It was first recorded as a British

insect as /. sensihilis, Tullberg, in 1899 by Carpenter and

Evans.^ Its usual habitat in the Edinburgh district is also

rotten wood. The Faroe specimens show the four-toothed

mucro {loc. cit., pi. vii. fig. 27) characterising the form

/. denticulata, Schaffer, which Agren ^ identifies with Linne's

Podtora arborea. This name may therefore replace both

/. sensibilis, Tullberg, and /. cleiiticulata, Schaffer, which,

despite Agren's diagnoses (loc. cit., pp. 139-142), I still

believe to be specifically identical.

[This species has probably been introduced into the Faroes

by the agency of man, as there is hardly any plant indigenous

to the islands which can even be called a shrub. I have only

seen it under the bark of the dead branch of an imported

shrub.]

Tomocerus tridentiferus (Tullberg)— Thorshavn, under

stones in hayfields and on the moors. Numerous specimens.

This is one of the commonest liritish species of the order,

occurring throughout Great Britain and Ireland. It is known

to inhabit Scandinavia, Finland, Germauy, Bohemia, the

Azores, and both North and South America, but seems to be

absent from the Arctic Eegions.

[Extremely abundant under stones in the Faroes, ibrming

a very large part of the food of the small spiders found in

this habitat.]

COCCID^. By E. Newstead, A.L.S., Etc.

Orthezia catctphracta, Shaw—Several female specimens

from under stones on the moors in Naalsoe and Stromoe,

August 1903.

This species has been found in many parts of northern

Europe, and also in Greenland, but is hitherto unrecorded from

^ Proc. Hoy. PJiys. Soc. Edin., vol. xiv. pp. 221-266 (pi. v. fig. 5, pi. vii.

figs. 26, 27).

2 Stett. Entom. Zeit., 1903, pp. 113 176.
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the Faroes. I found it common in the Hebrides, including

the St Kilda group, last year (1902) ; and I also found Orthezia

{Newsteadia) floccosa in the same localities, but it was less

common than 0. cataphracta. Its usual habitat is among

moss, or dead leaves and d6hris.

OETHOPTERA. By Nelson Annandale, B.A.

I am pretty certain that the only Orthopteron occurring

in the Faroes is the common earwig, Forficula auricidaris,

which is extremely abundant in all the islands I have visited.

Even introduced cockroaches appear to be absent. Both on

Naalsoe and in the neighbourhood of Thorshavn the two

forms of F. aitricularis distinguished by Bateson (" Materials

for the Study of Variation," p. 40) occur, but the " high
"

males (Stevens' species forcipata) are very much more scarce

than the " low " (the typical variety). Out of hundreds

of specimens examined in 1903, not more than two, which

were taken near the sea under a single stone, could be

definitely assigned to the variety forcipata. Several specimens

which partook of an intermediate character were observed in

both localities. The young broods are about three-quarters

grown at the beginning of August. The species occurs both

under stones in cultivated ground, in the houses, and, rather

less frequently, on the moors. In June it is common in the

flowers of the marsh marigold {Calthra palustris).

F. auricularis is recorded by Landt (" Description of the

Feroe Islands," p. 260), also by Hansen (vide postea).

LEPIDOPTERA. By Nelson Annandale, B.A.

Only one species (and one specimen) of butterfly has been

recorded from the Faroes, and that was the notorious vagrant

Vanessa cardui (Hansen, Naturhistorisk Tidsskrift, 3 Erekke,

13 Bind, 1881, pp. 229-278). There can be little doubt that

this individual was a visitor from the British Isles or the

Continent, as Mr Eagle Clarke's recent observations {Ent.

Mo. Mag., vol. xiv. pp. 289, 290) appear to show that

the species is quite able to cross the German Ocean. The

journey to the Faroes wovdd, however, be almost four timea
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as long (supposing that the insect came from Shetland, the

nearest land) as that which Mr Clarke's notes indicate. I

have never seen any Ehopaloceran myself in the Faroes,

though I have been there in all the summer months.

Hansen {loc. cit.) records the following moths :

—

Epiahis

hiomuli*, Agrotes promiha^, Charceas graminis^, Mamesira

dentina, Hadena sommeri, Hadena exults, Hadena monoglypha,

Cidaria lyiunitata, Cidaria designccta*, Cidaria adcequata,

Cidaria albulata*, Scoparia amhiqualis, Tinea fuscipunctella,

Tinea sp.

Those marked with an asterisk also occur in my collection.

I am able to add the following records :

—

Plusia ganima,

Melanippe sp., and Osseana pratana.

Possibly my Melanipjje sp. is one of Hansen's species of

Cidaria, as this author gives the latter genus a very wide

application; but it appears to differ slightly from any species

of this group hitherto described, and also from authentically

named specimens in the Hope Collection at Oxford. It may
be a form of M. montanata.

Hepialus humnli.

Epialus humuli, Hansen, loc. cit.

This species is either very local or has a restricted season

in the Faroes. I have only met with it on one occasion

myself. This was at Klagsvig, in the north of the group, on

the evening of July 19th, 1900. On that evening, between

the hours of 8 and 10 p.m., I took 11 males and 4 females.^

The individuals of both sexes varied considerably in size.

Of the males, 4 were silvery white, the remainder approxi-

mating to the female more or less closely in coloration. No
specimen, however, was quite so dark as any in a large series

of the variety hethlandica from Shetland preserved in the

Hope Department of the University Museum at Oxford.

It is unfortunate, however, that we have no exact in-

formation regarding the relative frequency of occurrence of

the two varieties {i.e., tyyica and hethlandica) in Shetland.

Collectors naturally choose out the most abnormal specimens,

and probably the proportion of the typical variety is very

^Ent. Mo. Mag., 1902, p. 263.
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much greater in nature than it is in collections. It appears

that the proportion of dark specimens varies from year to

year, and that they become darker and more abundant in the

more northerly islands of the group.^ It would seem possible,

though we have not yet the materials to permit us to come

to a definite conclusion, that the species is less liable to pro-

duce atypical individuals, and that the atypical individuals

which do appear are less separated from the typical, in the

Faroes than in Shetland.

Agrotes pronitba. I have only seen this species in gardens

at Thorshavn, where it is not uncommon.

Charc&as graminis. This species is common among the

grass. I have taken a specimen as late as the beginning of

August at Thorshavn, but it is more common earlier in the

season. This specimen was strongly coloured, and in no way

abnormal.

Fhcsia gamma. Common in the hayfields on Stromoe.

Emmelesia. alhulata.

Cidaria alhulata, Hansen, loc. cit.

There are three specimens in my collection, all taken in

June 1900. Unfortunately they are all rather worn, but

they appear to have been decidedly paler than Weir's variety

tliules} which they resembled in the suffused character of

their coloration.

Coremia designata.

Cidaria designata, Hansen, loc. cit.

Two specimens, taken June 1900. Though well preserved,

both specimens are rather greyer than the typical form,

having no reddish tinge in the bars on the fore-wings.

Osseana pratana. A single specimen, August 1903. It is

rather smaller than is normal in the species, and appears to

have been paler ; but it is much worn.

Moths of a few species, mostly belonging to the genus

Coremia and its allies, are not uncommon in the Faroes in

^ Jenner Weir, The Entomolorjist, vol. xiii., 1880, pi. 3; vol. xiv., 1881,

pp. 220, 280; and vol. xvii , 1884, p. 2.

- The Entomologist, vol. xiii., 1880, p. 290, pi. 4, Hgs. 4, 5. Weir says that

some specimens are even darker than those fi^au'ed (vol. xiv. p. 280).
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Juue, but, with the exception of Agrotes pronuba, they

mostly perish before the beginning of autumn. The

flowering of the marsh marigold, which has probably the

most conspicuous flower in the local flora, seems to be at any

rate synchronous with the period of greatest insect activity

in the Faroes. More insects are certainly to be found at

midsummer, when this plant is in its prime, than at any

other time in the year. By the beginning of August com-

paratively few aerial forms can be taken, though beetles and

earwigs are still abundant.

I propose to deal with the insects of the Faroes at greater

length in my general summary, after all the papers in the

series have been contributed.

XIV. On Some Forms of Mus musculus, Linn., ivith Descrip-

tion of a neio Subspecies from the Fceroe Islands. By
Wm. Eagle Clarke, F.L.S., F.K.S.E.

(Read 22nd February 1904.)

The familiar House Mouse {Mus inusculus) is supposed to

have been originally a native of Central Asia. Now it has

been introduced into, and has colonised, most parts of the

globe inhabited by man, except the inhospitable regions of

the north, where climatic conditions have interposed an

insuperable barrier to its advancement.

In Western Europe it has a high northern range, but it

has failed to establish itself in Iceland. It is found in

certain equatorial countries; and occurs in Tierra del

Fuego and at the Cape of Good Hope. In the Pacific

Ocean it is to be met with in a number of the Polynesian

Islands. In the British Isles it is usually regarded as a

comparatively recent colonist; but if certain remains of

Pleistocene age have been rightly assigned by palseonto-

logists, this belief cannot hold good (Lydekker, 1).

Over this almost world-wide range we find, as we should

naturally expect, a considerable amount of variation, and

a large number of subspecies have been, or are in the
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process of being, evolved. Indeed, a reference to Trouessart's

great catalogue (2), and other sources of information, makes

us aware that about a score of these geographical forms have

already received names, and to these there might very well

be added others which now hold full specific rank. We
may be certain, too, that a number of races remain to be

described in the near future, as the result of that specialisa-

tion which is such a marked feature of modern scientific

research.

The study of these races is, however, a most complicated

and difficult one, and has demonstrated in a remarkable

manner the high degree of plasticity possessed by this and

other small rodents.

The typical House Mouse {Mils fnuscidus) was until quite

recently the only recognised member of its group known to

occur in the British Isles, and other parts of northern and

western Europe. But in 1895 Mr H. Lyster Jameson (3)

discovered a colony of mice inhabiting the sand-hills on the

North Bull, an isolated tract in Dublin Bay, which for about

a century has been cut off from the mainland by a tidal

channel. Here he observed certain mice whose unusually

pale tint harmonised strikingly in colour with that of their

surroundings of sand. A number—thirty-six—of specimens

were procured, and a very large proportion of these were

found to be pale examples of Mies musculus. They varied

somewhat in shade of fur among themselves, and showed

every gradation from the type to light-coloured examples

with pale dorsal surface, while in the majority of cases the

ventral fur was pale buff or yellowish white. These interest-

ing Irish mice show in their whitish under surfaces a

tendency to resemble—perhaps it is a tendency to rever-

sion—certain strictly wild forms found in Portugal by Mr
Old field Thomas (4), by Mr Barrett-Hamilton (5) in Morocco,

and elsewhere by others.

These protectively-coloured mice may fairly be regarded

as incipient subspecies; and their discovery must be con-

sidered as one of special interest, since it would seem to

indicate that less than a century has elapsed since the

variation described has been evolved.
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A little later, in the year 1899, a very distinct British race

was described by Mr Barrett-Hamilton (6) as a new species,

under the name of Mus muralis, namely, the representative

of the House Mouse found in the remote island of St Kilda.

This insular form is not only a very interesting one, but

is, moreover, especially important in connection with the

Fseroese mice now under consideration.

Mus muralis resembles in shape and proportions Mus
muscuius, but is more robust and larger in size. The upper

surface is sepia brown with a grizzled appearance, due to

many of the hairs being tipped with rufous, and is not of

the typical smoky-brown tint characteristic of the ordinary

House Mouse. The colour of the under surface is very

remarkable, being buff, clearly separated by a well-marked

line of demarcation from the colour of the upper surface of

the body. The skull, when compared with that of Mus
musculus, is characterised by the greatly exaggerated narrow-

ness of the posterior opening of the nostrils.

Coming now to the mice of the Faeroes, concerning which

little seems to be known, Debes (7), writing in 1673,

says there are both mice and rats, but that they are not

found in all the islands. Landt (8), who resided in the

islands from 1792 to 1798, tells us that the mouse {Mus

miiscidus) has existed there longer than the " Common Eat

{Mus rattus)'' but was decreasing in proportion to the

increase of the latter species, "so that the mice are now
scarcely seen." He also informs us that the islands Kolter,

Hestoe, Skuoe, Dimon, and Myggenes, where there were no

rats, are also free from mice—a fact which led to the

belief that the soil of the said islands had something in

it which these animals could not endure. Earth, therefore,

had at times been brought from these northern islands to

some of the houses at Thorshavn infested with rats and

mice; and though the experiment succeeded in some cases

it failed in others ! Mus decumanus, the Brown Eat, which

Landt refers to as 'Mus amphihius, the Great or New Eat,"

was brought to the islands in the year 1768, in a wrecked

Norwegian vessel. I have no doubt that this formidable
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animal would aid, in turn, not only in the extermination

of the former oppressor, but also the oppressed. Whether

the House Mouse is abundant in the Fseroes at the present

time I have been unable to ascertain.

During their visit to the island of Naalsoe in August

1903, Messrs Annaudale and Marshall procured five examples

(three adults and two young) of a semi-feral mouse, which

they kindly placed in my hands for determination. These

belong to the Mus muscuhts group, and are remarkable

for their great size, indeed, they are veritable giants,

being considerably larger than the type, and, I believe, also

than of any of its numerous geographical races hitherto

described. In addition, they are much brighter in colour,

being more rufous on the dorsal surface, and strongly tinged

with buff on the ventral parts. Their hair, too, is finer and

more silky. The colour character approaches that of Mus
miiralis, but is less accentuated, and the Feeroese mouse may
be said to be intermediate between the St Kildean and the

ordinary forms. The most conspicuous character is certainly

that of size ; in regard to which it far exceeds even Mus
muralis, itself a form of unusual dimensions. Thus the

measurements of the head and body of the Faeroe mouse
exceeds that of St Kilda by 13-6 per cent.; the tail by 10

per cent.; and the hind foot by no less than 21 per cent.

This comparison is based upon the largest specimens (females)

from both localities.

These characteristics, taken in conjunction with their

insular habitat, undoubtedly afford peculiarities sufficient to

warrant the creation of a new subspecies for these Naalsoe

mice, and I propose to bestow upon them the racial name of

Mus musculus fceroensis. '

Mus MUSCULUS F^ROENSIS, subsp. nOV.

Distinguishing Characteristics.—Immense size, and in colour

intermediate between Mus muralis, Barrett-Hamilton, and

Mus musculus, Linn. Upper surface a mixture of rufous and

greyish black (the former predominating), the fur being
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blackish at the base, broadly margined with reddish brown.

A number of thinly distributed black hairs are also present.

Under surface a mixture of buff and pale grey, intergrading

on the flanks with the tints of the upper surface. The

ventral fur is pale grey at the base, broadly edged with buff.

Dimensions.— $ ad. (measured in the flesh), head and

body, 103 mm.; tail, 95 mm.; ears, 14 mm.; hind foot,

21mm.; skull, 24*7 mm. Another $ ad., in skin, is equally

large. J (in spirit), head and body, 95-5 mm. ; head,

27*8 mm. ; tail, 96*4 mm. ; ears, 13*5 mm. ; hind foot,

20'2 mm. ; skull, 24*3 mm.

The type specimen is in the Edinburgh Museum of

Science and Art.

Professor Bradley has most kindly examined and reported

upon the skulls of both the Fseroese and typical forms, and

informs me that he cannot find any difference either by

inspection or by measurements. It is important to state

that he did not detect any narrowing of the posterior narial

openings which characterise the St Kilda, and, as we shall

see, Myggenes forms. In this connection, however, Mr
Barrett-Hamilton informs me that in his experience minute

cranial differences often prove unsatisfactory.

After examining the Naalsoe mice, I wrote to my valued

correspondent, Herr Herluf Winge, of the Copenhagen

Museum, asking him for any information he could afford

me concerning mice from the Fseroe Islands, and I reproduce

in full his interesting reply:

—

" Of Mus musculus from the Faeroes I have only seen three

specimens ; they have been procured for me by some of my
friends on Myggenes. One of them was caught in the wild

bird-rocks during the night of March 6th last year [1903]

;

the two others have been taken in houses in the town of

M} ggenes. All of them are of a very remarkable variety

;

very stout, with exceptionally large feet, ' wild-coloured

'

(i.e., without the sooty colour common in specimens taken in

large towns), and with the posterior nasal opening, in the

skull, contracted. I have entered them in the Journals of our

Museum as ' Mus musculus, var., cf. Mus muralis, Barrett-

Hamilton.' They are the greatest contrast to the weak
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dwarfed race of Lagoa Santa, Brazil, that is even beginning

to lose the hinder molar (mentioned by me in ' Gnaver fra

Lagoa Santa/ 1887, p. 60, E Museo Lundii, vol. i.). Evidently

the Fseroe mouse is adapted as a rock-climber. On the

whole, Mus musculus seems to have a predilection for bird-

islands (cf. Ogilvie Grant's observations on the Salvage

Islands, 'The Ibis,' 1896, pp. 43, 52, &c.). I have not as

yet got any information from my correspondents regarding

the food of the mice in the bird-rocks of Myggeues; probably

they are feeding upon eggs and refuse from the bird-colonies.

At all events the mice are said to be abundant in the bird

cliffs. I do not remember to have seen anything about the

history of the introduction of Mus musculus into the Faeroes;

but evidently it has arrived there with the colonists of the

country, just as Mus sylvaticus into Iceland. That even

Mus sylvaticus may be carried about by men, in barrels with

corn, in waggons with peat, I have observed myself here in

Denmark."

I think there can be little doubt that the mice from the

somewhat remote island of Myggenes, described by Herr

Winge, are identical with those from Naalsoe. So far as

one can judge without actual comparison, they seem to

agree in all their essential characters, namely, robustness and

colour, and also in the remarkable coarseness of their feet

—

a modification, however, which has been probably brought

about by the rough nature of their haunts.

It is interesting to remember that Landt tells us that at

the close of the eighteenth century there were no mice in

Myggenes.

Colonel H. W. Feilden, C.B., who visited the Fseroes in

1872, tells me that the late Herr Mtiller, of Thorshavn, said

something to him about the islanders thinking there was a

second species of mouse in some of the islands, and that he

(Mtiller) had examined specimens, but could not differentiate

them from Mus musculus.

Finally, in connection with the insular peculiarities found

in the Fseroese mice, it is interesting to recall the fact that

the Starling of the Faeroes and the Wren of Faeroe and Ice-

land also possess peculiarities, and have been described as
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distinct species. The Starling received the name of Stiirnus

farocnsis from Feilden (9), but is rightly regarded as a sub-

species by Hartert (10). It is larger in size than the type,

and has a longer and stouter bill. The Wren was described

by Fischer (11) as Troglodytes horealis, and is also larger

than the ordinary European form, has coarser feet, a larger

and stouter bill, and certain slight peculiarities in colour.

It will be noted that the main characters of these birds are

analogous to those of the Fasroese mice, namely, larger size

and a general tendency to greater robustness—characters

which are, indeed, typical of the northern representatives of

many animals.

[Note by Mr Nelson Annandale.

Both Mr Marshall and I were struck by a peculiarity in

the living specimens which does not appear either in the

skins or in those preserved in spirit, viz., the large develop-

ment and mobility of the soft parts of the nose. It almost

seemed as though the species were on the way to evolve

something of the nature of a proboscis.

The mice on Naalsoe stay during the summer in the fields

and on the cliffs, occasionally entering the cellars and out-

houses in which dried meat and fish are stored. In winter

they come into the houses. Our specimens were all trapped

in cellars and outhouses.

Thorshavn people, to whom I showed fresh specimens of

the Naalsoe mice, all agreed that the mice they were familiar

with in the town were very much smaller. At first they

said that our specimens from the other island must be young

rats, though they were surprised that rats should occur on

Naalsoe. The Brown Eat {M^ts decumanus) is common in

Thorshavn. It appears to keep mice out of the houses in

summer entirely, but they are said to come in in large

numbers during the winter. There would, of course, be far

less opportunity for a race of mice becoming isolated in a

port like Thorshavn, which is frequently visited by foreign

ships, than on a little island like Naalsoe. A single speci-

men of the Brown Rat was lately brought over accidentally
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in a row-boat to this island, but was promptly captured and

killed. It was the only individual of the species that the

natives had seen on Naalsoe. The Black Eat {Mus rattus) is

said to survive in certain remote localities.]
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XV. The Gluteal and Femoral Muscles, with their Nerve

Supply, in a Marmoset (Hapale jacchus).i By E. B.

Jamieson, M.B., Ch.B.

(Received 14th March 1904; read 28th March 1904.)

The descriptive terms which I have employed in this

paper are those which apply to man. From a comparative

anatomy point of view this is unjustifiable ; but those terms

are so commonly employed that it is difficult to get rid of

them in writing when one's views have been biassed by the

study of human anatomy. Cephalic, caudal, dorsal, and

ventral are the proper terms, but compound terms such as

cephalwards, which would require to be made use of in order

to be consistent, are clumsy, and the marmoset is not so

horizontal in its attitude that the application to its anatomy

of human descriptive terms cannot be readily understood.

Throughout the paper I have, in connection with each

muscle, drawn attention to differences or resemblances in the

corresponding muscles or groups of muscles in certain other

Primates. What one would wish to find in such a review is

a progressive modification in the characters of muscles as

one ascends or descends the scale, but such modification is

strikingly absent in most cases. There is, however, an

approximation to progressive change of character in the

biceps flexor cruris and the quadriceps extensor cruris, which

in the Anthropoid apes have assumed man-like characters.

In the case of the latter muscle this is owing to the nearer

approach to the erect attitude. Against this there is the

gluteus maximus, which makes a sudden bound in its degree

of development from a thin, flat muscle in all the apes,

including Anthropoids, to the powerful, thick, fleshy muscle

found in man.

In Hapale jacchits there is a great tendency to the sub-

division of muscles, and there is no muscle absent except the

short head of biceps. Occasional fusion is found between

adjacent muscles, but never to such a degree that separation

is not easy.

^ The specimen on which this dissection was carried out was kindly placed

at my disposal by Dr 0. Charnock Bradley.
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In the case of each muscle I have carefully noted the

nerve supply, and have, further, referred each nerve to its

origin from the spinal nerves. This has been done under

the conviction that a consideration of muscles unassociated

with an examination of their nerve supply is deprived of at

least half its potential value. The admirable papers by

Champneys on the Chimpanzee and Cynocepliahis anuhis, and

by Hepburn on the Anthropoid Apes, would have been far less

valuable contributions to anatomical literature had they not

included both.

I. The Gluteal Muscles.

Gluteus maximus (ecto-gluteus) was, in the gluteal region,

a thin, flat muscle, consisting of two parts, an upper and a

lower. The two parts joined very shortly after their origin

to form a thick, more or less rounded, fleshy mass in the

thigh, so that, although the muscle was very thin in the

gluteal region, yet, taken altogether, it was the largest of the

three glutei. The upper or cephalic portion of the muscle

took origin from the posterior lamella of the lumbar fascia,

covering the muscles lying in the vertebral groove, and

covering also a muscle (ilio coccygeus) which extended from

the postero-superior spine of the ilium to the lateral aspect

of the sacrum and the caudal vertebrae. This part, by its

upper fibres, was inserted into the posterior surface or border

of the great trochanter, and by its lower fibres it joined the

lower division of the muscle.

The lower or caudal portion of the muscle arose from the

lateral aspect of the upper caudal vertebrae, ventral to the

ilio coccygeal muscle mentioned above and other "supra-

caudal" muscles by which it was overlaid. The upper

margin of the lower portion was at a lower as well as a more

ventral level than the lower border of the upper piece at its

origin, so that there was a small gap left between them before

they joined, and through this gap there passed the ilio

coccygeal and supracaudal muscles which lay subjacent to

the upper portion, but superficial to the lower. The lower

portion was joined by the lower fibres of the upper, and was

inserted by fleshy fibres into the lower part of the posterior
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surface of the great trochanter, and continuously with that

into the posterior surface of the shaft of the femur for nearly

three-fourths of its extent, and also by its anterior fibres,

very largely into the strong, deep fascia on the outer side

of the thigh. From the deep fascia of the thigh a strong

septum was sent inwards to be attached to the posterior

surface of the shaft of the femur from within a short distance

of the great trochanter down to the outer condyle. The

septum, on its way to the femur, split and enclosed the part of

gluteus maximus which lay in the thigh in a fascial sheath.

A large number of the lower or posterior fibres of gluteus

maximus did not obtain direct attachment to the bone, but

were inserted into the two laminse of the septum, and by

means of it were connected with the bone almost to the

lower end of the femur. The septum separated the extensor

muscles from the hamstring muscles and caudo-femoralis.

The spread-out fibres of gluteus maximus which were

inserted into the fascia of the thigh, together with those of

the tensor fasciae femoris in front, and of the biceps behind,

formed an almost complete muscular sheet on the outer

aspect of the thigh.

The inferior gluteal nerve was represented by two branches

from the great sciatic nerve, one to each division of the

muscle. Each broke up into several branches before enter-

ing the muscle. The branch to the upper division of the

muscle was traced back to the 6th lumbar and 1st sacral

nerves, the branch to the lower division to the 1st and 2nd

sacral.

Gluteus maximus in all true monkeys is thin and flat, and,

as compared with the corresponding muscle in man, it is

weak, the adoption of the erect attitude by man being the

self-obvious cause of its large size in man (1). In the lemur

the gluteus maximus is a large, powerful muscle, with

extensive origin and insertion, but even here the illustration

of the muscular system of G-alago crassicaudatics in Murie

and Mivart's account of the musculature of lemurs (2) shows

that the gluteus maximus, although, indeed, large and

powerful, does not equal in development the same muscle

in man.
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In minor details there is a great want of conformity

among various monkeys in regard to this muscle, and there

is even variation in different specimens of the same name.

In the Hapale jacchus described by Windle (4) the insertion

of gluteus maximus, although lower down than in man, was

not so low as in some apes, as it did not invade the lowest

part of the femur, and it was inseparably united with the

tensor fascite femoris at the origin of the tensor, and for a

considerable distance beyond. In my specimen the insertion

indirectly extended the whole length of the femur, and there

was no suggestion of union with tensor near its origin, though

their fascial insertions were close together. In the closely

allied animal, Midas rosalia, also described by Windle (3), it

was slightly connected with the tensor, and its attachments

were similar to its attachments in man. This implies a

relatively limited osseus insertion, and also an origin from

the ilium. (The absence of an iliac origin is a common con-

dition among animals—Parsons (5).) In my specimen of

Hapale there was no iliac origin.

In the lemur (2) the origin of gluteus maximus from the

ilium is considerable. It arises (a) by aponeurosis from the

anterior superior iliac spine (i.e., posterior superior in man),

as well as from the lumbar fascia and spines of sacral verte-

brae
;

(h) by muscular fibres from the anterior inferior iliac

spine (anterior superior of man), and from the transverse

processes of the first three caudal vertebrae. The relation of

the long supracaudal muscles to the two parts is similar to

that in the Hapale. In the Nycticebus there is no caudal

origin.

The insertion differs conspicuously from the manner of

insertion in Hapale, in that there is no attachment to the

aponeurosis of the thigh in the lemur. The muscle is

inserted into the third trochanter and the posterior surface

of the femur. In two lemurs {Xantho mystax and nigrifrons)

the insertion passed right down to the external condyle
;

while in only one of those mentioned, the Fotto, is there

any insertion into the great trochanter (Van Campen, 6).

Among lemurs the union with tensor fasciae femoris is

such that the tensor does not exist as a separate muscle.
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In the Cynocephalus anuhis (7) the origin is limited,

extending not higher than the lowest part of the sacrum and

the root of the tail. There is no union with the tensor

at the origin, but they join opposite the great trochanter,

where some fibres are given off to be inserted into the linea

aspera, while the rest are inserted into the fascia lata with

the tensor.

In all the four Anthropoids described by Hepburn (8)

there was an ischial origin. The lower part of gluteus

maximus took origin from the ischial tuber in close contact

with the biceps. This he regards as a displaced agitator

caudse.

Gluteus medius (meso-gluteus) was a thicker and fleshier

muscle than gluteus maximus at its origin, but not so large

as maximus when the two parts of that muscle had joined

and lost their flattened character.

It took origin from the upper and dorsal part of the narrow

dorsal surface of the ilium, from the upper part of the broad

posterior border of the ilium, from the tendon of the ilio coccy-

geal muscle, and from the dense fascia covering that part of

it which was uncovered by the gluteus maximus

—

i.e., the

antevior part. It was inserted by tendinous fibres into the

top of the great trochanter overlying the insertion of pyri-

formis and into a very small portion of the posterior surface

of the great trochanter. It covered the pyriformis and the

two upper or anterior pieces of the gluteus minimus.

The nerve supply was through the superior gluteal, from

the 6th lumbar nerve only.

The gluteus medius is fairly constant in its characters. In

almost all monkeys, according to Bischoff (9), it is blended

with the pyriformis, and that condition is described in the

papers quoted on lemurs (2), Gynoceyhalns anubis (7), and the

Anthropoid apes (8). But in the Midas roscdia (3), as in the

Hypale jacchus, there is no such fusion with the pyriformis.

In some specimens of lemurs the inferior portion—corre-

sponding to the anterior portion in man—is more or less

separable, suggesting a separate scansorius. Such a separa-

tion is found in tarsius, but the separate portion is described

by Burmeister (10) as a part of the gluteus minimus, whereas
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in the lemuroid described by Murie and Mivart it is a part of

the medius.

In many cases, e.g., the Midas rosalia and the Anthropoids,

the medius is the laro-est of the three olutei.

Gluteus minimus (endo-gluteus) was of considerable size,

and was partially subdivided into four pieces, of which the

largest and most anterior was probably a gluteus quartus or

scansorius. This piece arose from the anterior half of the

upper part of the dorsum ilii. The next piece arose from

the posterior part of dorsum ilii, just above the reflected

head of the rectus femoris. The third piece arose from the

lower part of the broad posterior border of the ilium. The

last and lowest piece arose from the dorsum acetabuli,

opposite the root of the rudimentary ischial spine. The

field of origin was therefore a broad zig-zag line. From

above downwards each piece was shorter than its pre-

decessor, and the direction of the fibres gradually changed

from a vertical course, in the case of the first piece, to a

transverse course in the case of the lowest piece, which lay

side by side with the gemellus superior.

The three lower pieces blended together, and were inserted

into the anterior surface of the great trochanter. The lowest

two pieces lay under cover of the pyriformis, and the second

piece lay under cover of the first (scansorius).

The highest piece (scansorius), although blended somewhat

with the rest of gluteus minimus, was more independent

than any of the lower three parts, for it was relatively

distinct as far as its insertion, whereas the other three were

completely joined before insertion. It alone of the four

parts developed a tendon, which was inserted into the outer

surface of the great trochanter, having passed superficially to

the insertion of the others. The passage of the nerve to the

lower part of tensor fasciae femoris, between this part of the

muscle and the other parts, further signalised the separation.

It lay upon and hid from view the second piece of gluteus

minimus, while itself all but its anterior edge lay under

cover of the gluteus medius. The origin of sartorius covered

the upper part of its anterior edge.

Each of the four pieces of gluteus minimus was supplied
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by a separate branch from the superior gluteal nerve. The

superior gluteal nerve was derived from the 5th and 6th

lumbar nerves. On tracing back the separate branches to

the spinal nerves, it was found that the two middle pieces

of the muscle obtained their supply from the 5th and 6th

nerves about equally, while the supplies to the first piece

and the last were from the 5th lumbar nerve only.

In various monkeys the gluteus minimus varies consider-

ably in its development and degree of subdivision.

In the lemurs (2) it is much smaller than the other two

glutei. In the Galago crassicauclatus and G, Allenii it is

very short and small, arising only round the upper part of

the acetabulum, and resembles a gemellus. This probably

corresponds to the lowest division of the muscle in Hapale,

the rest possibly being fused with the medius.

In the Tarsius there is a portion of the gluteal mass

which may belong either to medius or minimus, for Bur-

meister (10) described it as part of minimus, while Murie

and Mivart described it as part of medius. Beyond that

subdivision in Tarsius, there is none in the lemurs. Windle

does not indicate that there was any splitting of the muscle

in Midas, or in his specimen of Hajpale jacchus. There is no

splitting in Cynocephalus anuhis (7). In Macacios cynomolgios,

Cercopithecus sahaeus, and Cynocephalus maimon (9), minimus

is a feeble muscle, and its more anterior part suggests a

scansorius. In the chimpanzee (8) the muscle is separable

into three parts—an anterior, a posterior, and a third under

cover of the anterior. In the gorilla (8) there are two

portions, an anterior and a posterior. In man, gluteus

minimus is sometimes split into two, and occasionally the

superior gluteal nerve passes between the two parts (11).

The scansorius was first observed in the chimpanzee, and

was named by Traill (12). It is not present as a distinct

muscle in any of the Lemuroidea (2), but the portion dis-

tinguished by Burmeister in the Tarsius may represent it.

It is well developed in Hapale penicillata (9), and is to

a considerable extent separate from the gluteus minimus,

as in Hapale jacchus. In Macacits cynomolgus, Ccrcopithecus

sabaeus, and Cynocephalus maimon, it appears only as the
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more anterior part of gluteus minimus according to Bischoff.

Huxley (13) stated that it was present in the Cynopithecini,

but was sometimes fused with minimus.

Among Anthropoids it is present and distinct in the

chimpanzee and the orang (8). It arises from the dorsum

ilii between gluteus minimus and tensor fascia femoris, and.

is inserted into the anterior margin of the great trochanter,

close to the lower edge of the tendon of gluteus minimus.

Its attachments correspond fairly closely with those of the

muscle in Hapale. In Hylohates leuciscus (9) the scansorius

proper is absent, but there is present a small separate muscle

which arises from the anterior inferior spine of the ilium,

and is inserted into the great trochanter at its base.

A scansorius is occasionally present in man, and appears

to be, as in the other mammals cited, a separation of the

anterior fibres of gluteus minimus.

Pyriformis was a fairly large, distinct, and separate

muscle. It arose from the 1st, 2nd, and 3rd pieces of the

sacrum, from the ridges of bone between the anterior sacral

foramina, and from the pelvic surface of the sacrum external

to the foramina. The fibres converged to form a rounded

muscle which passed out through the great sciatic notch,

receiving as it did so a considerable accession of fibres from

the upper margin of the notch.

It was inserted by a tendon into the very apex of the

great trochanter.

It lay between the gluteus medius and the gluteus minimus.

The nerve to pyriformis was derived mainly from the

last lumbar nerve and partly from the first sacral.

In Midas rosalia (3) the pyriformis is distinct from other

muscles. Outside the Hapalidse it is connected in a greater

or less degree with the gluteus medius in almost all monkeys,

showing differences in the degree of fusion in closely related

animals, e.g., in Hylohates leuciscus it is only slightly fused,

in H. agilis almost completely fused.

In man one occasionally finds more or less fusion between

the muscular part of pyriformis and the gluteus medius.

Obturator internus arose from the pelvic surface of the

innominate bone and the obturator membrane. I was unable
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to make out the precise limits of its origin. A tendon was

developed which passed out of the pelvis over the lesser

sciatic notch, and was joined by the two gemelli. Plication

of the tendon was scarcely to be seen at all. It was inserted

into the depression on the inner side of the great trochanter,

in conjunction with a gemellus on either side, and the tendon

of obturator externus below.

It was supplied on its perineal surface by a branch of the

great sciatic nerve, which joined the internal pudic, but left

that nerve again to be distributed to the muscle. This

branch was followed back to its origin from the 4th and

5th lumbar nerves.

The gemelli muscles were both well developed, but the

inferior was by far the larger.

The superior gemellus arose from the very poorly developed

ischial spine. The inferior arose from the ischial tuberosity

at the lower margin of the small sciatic notch.

They were both inserted into the tendon of the obturator

internus, overlapping it, so that the two met and covered up

the tendon from view, and they were carried by it to the

great trochanter, into which they were also inserted.

They were both supplied by a branch given off from the

great sciatic nerve to be distributed to them and to the

caudo-femoralis. This branch was traced back to the 4th

and 5th lumbar nerves. The inferior gemellus was also

supplied by the nerve to quadratus femoris.

Fusion of the tendon of obturator internus with that of

obturator externus is also seen in Anthropoid apes (8).

It is not a muscle given to much variation in monkeys

generally.

The gemelli in the lemurs have the same attachments

and relations as in the Hapale, and the inferior is the

larger (2). In Cynocephalus anubis the inferior is the smaller

muscle. In Anthropoid apes the inferior is with difficulty

separated from the quadratus femoris (8), and in the chim-

panzee it is smaller than the superior (7). In Hylohates the

superior gemellus is not a separate muscle (8).

Quadratus femoris was relatively a very large muscle, and

had an extensive origin from all the outer surface of the
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tuberosity and ramus of the ischium, under cover of the

adductors and hamstring muscles attached thereto, and

extending to the edge of the obturator foramen.

It had a V-shaped insertion into the femur; one limb

of the V was the lower half of the posterior surface of

the great trochanter, and a small part of the shaft of

the femur below, behind the insertion of gluteus

maximus; the other limb was an oblique line leading

outwards and downwards from the small trochanter across

the posterior surface of the shaft of the femur to meet the

vertical limb.

The nerve supply was derived from the 5th lumbar

nerve.

In lemurs (2) quadratus is a " voluminous " muscle. Its

origin is from the ischial tuber deep to the hamstring origin.

Its insertion occupies the whole interspace between gluteus

maximus and adductor magnus. Its attachments are there-

fore very like those of the muscle in Hapale.

In Cynocephalus anubis, and in the Anthropoid apes, ex-

cepting the gorilla, the insertion is similar in its disposition
;

a vertical insertion into the posterior surface of great tro-

chanter, a horizontal insertion into a line leading out from

the small trochanter.

In the gorilla, only the vertical part is present.

Obturator externus arose from the front of the pubis

adjoining the obturator foramen, from the pectineal surface

of the ascending ramus of the pubis in its inner half, ex-

tending up to the pectineal line, and from the outer surface

of the obturator membrane. It wound round the neck of the

femur, and its tendon was inserted into the digital fossa,

where it was hidden by, and closely adherent to the super-

jacent tendon of obturator internus. It was supplied by

both divisions of the obturator nerve.

This muscle is very constant in its characters, and very

like the same muscle in man. The extent of origin is

greater in some cases, e.g., in Ha^pale, and in the lower

group, the Lemuroids, than in man. In the Anthropoids

it is as in man, except that the tendon is partly fused with

obturator internus, as in Ilajpale.
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II. The Muscles of the Back of the Thigh.

Biceps flexor cruris, better naraed the flexor cruris

lateralis, as there was but one head of origin.

This arose from the dorsal edge of the ischial tuberosity

in conjunction with the semi-tendinosus, between the origins

of the inferior gemellus and the semi-membranosus, and con-

tiguous to both. As the muscle descended the thigh, it

spread out into a broad triangular sheet, which covered the

lower third of the outer surface of the thigh.

It ended in a broad aponeurosis, which w^as attached to

the head of the fibula, and the outer side of the head of the

tibia, while above and below the osseous attachments it

became continuous with the fasciae covering the outer side

of the thigh and of the leg. Its fascial insertion in the

thigh was behind and below the fascial insertion of gluteus

maximus, and the two were very close together.

The nerve supply was through the great sciatic, and

was traced back to the 4th, 5th, and 6th lumbar nerves.

The biceps has a very constant origin from the ischial

tuber, but in most animals the name biceps is a misnomer,

as the femoral head is commonly absent. The femoral head

is found in the New World howling and spider monkeys

and in Anthropoid apes. Its most constant and important

insertion is into fascia, and more so in lower monkeys and

lemurs than in higher monkeys, where bony insertion becomes

more important ; but even in lemurs the bony insertion is

in one case the only attachment, while in others the insertion

is entirely fascial. I can find no account of insertion into

the head of the fibula in any monkey lower than Anthro-

poid apes, but in my Hapale an insertion into the head of

the fibula, although weak, was undoubtedly present.

In lemurs (2) the tendon of origin from the ischial tuber

is continued into the substance of the muscle, and on its

outer side for half its length, and muscle fibres take origin

from the tendon in a bipenniform manner. Fibres arising

from the outer side of the tendon are inserted into the

aponeurosis, connecting biceps with vastus externus. All

other fibres radiate and are lost in the fascia of the leg.
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Osseous insertion is absent, but there is an exception: in

Galago, biceps is inserted by a strong tendon into the outer

tuberosity of the tibia only. In the Nycticehus it is inserted

only into the fascia of the leg.

In Midas rosalia (3) it is very like the Hapcde. It arises

from tuber ischii. It expands into a muscular sheet, which

is connected with the external lateral fibrous expansion of

quadriceps, with the anterior and external aspect of tibia,

and with the fascia of the leg for quite half its extent, but

there is no fibular insertion as in my Hapcde. In Hapale

penieillata (9) the insertion is precisely the same as in

R. jacchus, except for the fibular attachment. In the other

monkeys described by Bischoff, except the Anthropoids, the

attachments are as in H. j^enicillccta. In Cynocephalus amdjis

(7) the insertion is mainly into the fascia of the leg. A
strong band is given off to the covering of the knee joint,

and a less strong one into the outer tuberosity of the tibia.

In the Anthropoid apes (8) the femoral head appears, and

with it an insertion into the head of the fibula. In the

gibbon the femoral head joins the ischial head. In the

other three Anthropoids there is variable fusion of the

tendons of insertion. The ischial head is inserted into

the outer side of the head of the tibia, the femoral head

is inserted into the head of the fibula and into the fascia,

over the outer head of gastrocnemius. In the orang, an

expansion of the tendon joins the outer part of the capsule

of the knee joint.

In this muscle more than any other there is a progres-

sive change in its disposition as one passes from the lemurs

up to man. A single head of origin, with a strong fascial

and little or no osseous insertion, represents the lowly

degree. A second strong femoral head of origin, with a

fascial insertion of diminished importance, and a strong

osseous, especially fibular, insertion, represents the highest

degree.

Caudo-femoralis. This muscle was present and was well

developed. It arose from the transverse process of one of

the upper caudal vertebrae in conjunction with the caudal

head of semi-tendinosus, below and on a ventral plane to the
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lower fibres of origin of gluteus maximus. It was narrow

and fleshy at its origin. It gradually expanded as it pro-

ceeded down the thigh. It was inserted by fleshy fibres

partly into the middle third of the posterior surface of

the shaft of the femur, between the insertions of gluteus

maximus and adductor magnus, and to a much greater

extent into the inner lamina of the fascial sheath of the

gluteus maximus.

It was supplied by the nerve to the hamstrings from the

great sciatic, i.e., ultimately from the 4th, 5th, and 6th

lumbar nerves, and by a branch from the great sciatic dis-

tributed to it and to the gemelli, i.e., ultimately from the

4th and 5th lumbar nerves.

Caudo-femoralis receives various names—coccygeo-femor-

alis, agitator caudae (15), cruro-coccygien (16), and is

present in several mammals though not in all. Leche(l7)

states that the part of gluteus maximus named by Testut

the caudo-femoralis is not the homologue of the muscle so

named by him.

The muscle does not appear to be distinct in lemurs.

In Windle's Hapale it was present, but differed slightly

in its origin from mine. It arose close by, not in conjunc-

tion with, the caudal head of semi-tendinosus.

It exists in the Macacus, the Semnopithecus, and Cerco-

pithecus, and it probably exists occasionally in the Anthro-

poids as an anomaly (15). Hepburn regards the ischial

origin of the gluteus maximus in the Anthropoids as a

caudo-femoralis which has lost its original attachment.

Semi-tendinosus arose by two heads, one in conjunction

with the caudo-femoralis from one of the upper caudal

vertebrae, the other in conjunction with the flexor cruris

lateralis (biceps). The coccygeal or caudal head crossed

superficially to the biceps, and joined the ischial head about

half an inch from its origin. Towards the lower end a tendon

was developed. The tendon crossed the semi-membranosus,

and was inserted mainly by becoming continuous with the

fascia over the inner and posterior surface of the leg, and

also by a small, round, tendinous slip attached to the upper

part of the inner surface of the shaft of the tibia under cover
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of the insertion of gracilis. There was no tendinous inter-

section.

In animals generally there are normally, according to

Parsons, two heads of origin which unite in the upper part

of the thigh, and where they unite there is a tendinous

intersection. According to Leche, in Prosimia, except

Cheiromys (Alix, 18), and in Primates, the caudal head is

absent. The tendinous intersection seems to be usually

absent.

In lemurs (2) the muscle arises in common with biceps

;

there is no caudal origin. It is inserted in common with

gracilis. In Cheiromys (19), however, there is an origin

from the second caudal vertebra. In Mickis rosalia both

origins are present, and insertion is lower than in man, and

is under cover of the gracilis insertion. In Hapale penicillata

(9) the semi-tendinosus is combined with semi-membranosus,

and they are represented only by a thin muscle, which has

both ischial and caudal origins, and is inserted entirely with

gracilis. In other Primates described by Bischoff the muscle

was strong and fleshy, and there was no tendinous inter-

section. The insertion was low down on the tibia. In

Cynocephalus anuhis (7) there was no tendinous intersection,

and there was no caudal origin. The insertion was partly

into the anterior tubercle of the tibia, and partly in common

with gracilis into the fascia more than half way down the leg.

In the Anthropoids (8) there is no caudal origin. In the

gibbon, the orang, and the chimpanzee there was a faint

tendinous intersection. In the chimpanzee it was fused

with the upper surface of semi-membranosus.

Semi-membranosus consisted of two parts imperfectly fused

together. One part was the semi-membranosus proper, the

other represented the presemi-membranosus of some animals,

or that part of the adductor magnus of man which gets its

origin from the ischial tuberosity. The semi-membranosus

took origin by tendinous fibres from the lower end of the

ischial tuberosity touching the origin of semi-tendinosus.

The presemi-membranosus arose by fleshy fibres from the

lower edge of the ischial ramus.

In the thigh the muscle as a whole lay under cover of
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semi-tendinosus. The presemi-membranosus part was the

deeper of the two. Shortly before insertion the two con-

stituents separated, and the two parts were placed one above

the other, i.e., nearer the head than the other. The upper

part was presemi-membranosus. It was inserted by fleshy

fibres into the inner and upper aspects of the internal con-

dyle of the femur, and into the internal and popliteal surfaces

of the shaft of the femur immediately above the internal

condyle. The attachment to the inner surface of the condyle

was directly continuous with the femoral attachment of the

internal lateral ligament of the knee joint. The lower part

—the semi-membranosus proper—was inserted into the upper

end of the inner surface of the shaft of the tibia well forward,

just falling short of the tibial crest, by a round tendon which

passed forwards under cover of the internal lateral ligament

of the knee. A few fibres were inserted into the upper end

of this ligament. A few tendinous fibres passed outwards

under cover of the inner head of gastrocnemius to the

posterior ligament of the knee joint. There was no insertion

into the fascia of the leg. A partial and artificial separation

could be effected right up to the origin.

The nerve supply was a single branch from the nerve to

the hamstrings. This branch did not divide till it had

entered the interstice between the two parts of the muscle.

In none of the Primates of which I have seen descriptions

is there so close a connection with the presemi-membranosus.

The presemi-membranosus seems to have a more close con-

nection with the adductor magnus, so much so that it is not

always distinguished as a separate muscle. In lower animals,

e.g., Insectivores and Carnivores, it is present, and has an

origin in common with semi-membranosus. In some Insec-

tivores, many Eodents, and most monkeys, it is distinct from

semi-membranosus all the way. It is absent in lemurs

(Parsons). In the Hapalidas dissected by Windle it does

not appear to have been present, nor in the Hapcde described

by Bischoff. In the other Primates described by him it was

probably the lowest one of the parts of the adductor magnus.

In Cynocephalus anubis (7) it was probably the lowest

fasciculus of adductor magnus. In the Anthropoids described
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by Hepburn it was that part of adductor magnus which was

inserted into the adductor tubercle. In the Rylohates agilis

and syndactylus it is quite a separate muscle (Leche).

The insertion of the tendon of semi-membranosus proper

into the upper part of tibia is very constant, as is also its

passage under cover of the internal lateral ligament of the

knee. An insertion into the posterior ligament of the knee,

or into the fascia of the leg, is only seen in Anthropoid apes.

Hepburn found it only in the gorilla. Its presence in my
Hapale was possibly anomalous.

III. The Muscles of the Inner Side of the Thigh.

Gracilis was relatively a very strong muscle, with a broad

origin from the whole length of the body of the pubis closely

adjoining the symphysis, and slightly from the upper end of

the edge of the inferior ramus of the pubis. There was no

origin from the ascending ramus.

Its insertion was into the upper end of the inner surface

of the shaft of the tibia between the insertions of sartorius

and semi-tendinosus, and also—and this was the main inser-

tion—into the fascia of the leg below, extending as far down

as the middle of the leg.

Nerve supply—a branch from the anterior division of the

obturator nerve.

In almost all monkeys, including the lemurs, the gracilis

is relatively much more powerful than in man (1). I find

two exceptions recorded, one at either end of the scale. In

Tarsius it is the smallest of all the thigh muscles (2). In

the Hylohates leuciscus it is a small thin muscle. Its origin

in many cases encroaches upon one or both of the pubic

rami, and is usually inserted in association with semi-

tendinosus or sartorius or both.

Pectineus took origin together with the adductor longus

by a thin sheet of tendinous fibres from the upper margin

of the pubis near the symphysis, and outwards along the

pectineal line for one-half its length. The outer half of this

tendon of origin was pectineus, the inner half was adductor

longus. The contiguous borders of the two muscles were

fused except near the insertion, but artificial separation was
VOL. XV,



184 Proceedings of the Royal Physical Society.

fairly easy. As the two muscles drew near their insertion

they separated and diverged, and a vessel passed backwards

through the gap between them.

The pectineus was inserted into the postero-internal

surface of the femur below the small trochanter, some

of its fibres mixing with fibres of origin of the vastus

internus.

The adductor longus and pectineus were equal in breadth

as long as they were fused. After the separation the

adductor became expanded and tendinous, and was partly

united, especially by its lower fibres, to the adductor magnus

lying behind. It was inserted into the second fourth of the

posterior surface of the shafc of the femur.

The pectineus was supplied on its superficial surface by a

branch from the anterior crural nerve. The adductor longus

was supplied on its deep or posterior surface by a branch

from the anterior division of the obturator nerve.

In lemurs pectineus presents similar attachments (2). In

Hapale penicillata (9) it is said not to be present. It is

probably present, but more intimately connected with the

adductor mass, so that its separation therefrom would be

entirely artificial. It abuts very closely on the adductor

longus both in gorilla and orang (8).

The adductor longus is the smallest and shortest of the

adductors in the Lemur catta. It arises from the anterior

or upper end of the symphysis and the horizontal ramus of

the pubis beneath gracilis. It becomes aponeurotic, and is

inserted internal to adductor brevis and in close union with

it. In L. nigrifrons it is longer and muscular, and is inserted

into the adductor magnus. In Galago crassicaudatus it arises

as in L. catta, is inserted as in Z. nigrifrons, and is in close

apposition with the pectineus.

The rounded character of its tendon is seen only in the

chimpanzee (8).

Adductor brevis was somewhat smaller than longus. It

arose by a rounded bundle of fleshy fibres from the ventral

surface of the pubis, below the origin of adductor longus,

and external to gracilis. Its fibres passed downwards and

outwards in front of adductor magnus, and spread out to be
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inserted into the shaft of the femur, below the small tro-

chanter, and behind the insertion of pectineus.

The anterior and posterior divisions of the obturator nerve,

as they passed downwards on opposite sides of the muscle,

each gave it a branch.

An adductor minimus was not present.

In lemurs its attachments are as in Hapale; but the

muscle is more or less separable into two parts which blend

completely below. In the Hapalidse, although distinct and

separate in my specimen, it does not appear to be always

present. In H. penicillata (9), what is described as the

highest bundle of adductor magnus, springing from the

ischial ramus, and inserted into the femur between the

greater and less trochanters, probably represents adductor

brevis. In the three specimens of H. jacchns dissected by

Windle, and in the Midas rosalia, there was no distinct

adductor brevis. In two of the Anthropoids (chimpanzee

and orang, 7) it is divided into two portions, which fuse

towards insertion as in the lemur. In orang and gibbon it is

attached to the adductor magnus near insertion.

Adductor magnus. Besides the muscle already described

as presemi-membranosus, which in man is part of the

adductor magnus, there were two other constituents of

this muscle, (a) A large muscle which arose from the ventral

surface of the body, and inferior ramus of the pubis, external

to gracilis, below the adductor brevis, and internal to the

obturator externus. The fibres spread out with an obliquity

increasing from above downwards, to be attached to the

posterior surface of the shaft of the femur, along a broad line

leading from the lesser trochanter downwards to within a

short distance of the internal condyle of the femur, (b) A
long muscle whose origin was the lower edge of the inferior

pubic ramus, between the gracilis and the presemi-mem-

branosus. It proceeded downwards, closely applied to the

posterior surface of the preceding part of the muscle, to

which it was only loosely connected by areolar tissue, and

between it and presemi-membranosus. It was inserted into

the outer half of the popliteal surface of the femur, extending

down to the outer condyle.
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Both parts of the muscle, a and b, were supplied from the

posterior division of the obturator nerve. There was one

branch to part (b), and more than one to (a); (a) was also

supplied by the anterior division of the obturator.

In the lemur (2) the adductor magnus appears to cor-

respond to part {a) {i.e., adductor magnus proper). Its origin

is from the margin of the descending ramus of the pubis.

The insertion is rather more than the middle third of the

femur. In Hapale penicillata (9) there seems to be even less

subdivision than in man. In Windle's specimens of the

Hapalidae, subdivision was evidently not conspicuous. In

Cynocephalus anubis (7) there is fasciculation of the muscle,

but no definite subdivision. In Pithecia hirsuta (9), the

arrangement of the adductors was as in man. In Macacus

cynomolgus, Cercopithecics sabaeus, Cynocephalus maimon,

Hylobates leicciscus, and in Troglodytes niger, the adductor

group, including pectineus, consists of five parts. Between

the lowest two the femoral artery passes. These five parts,

probably, are from above downwards, the pectineus, adduc-

tors longus and brevis, adductor magnus proper, and pre-

semi-membranosus.

In the chimpanzee a part of the ischial origin can be

separated (8) and is supplied by the great sciatic, and is

clearly the presemi-membranosus. In the chimpanzee some

of the lower fibres spread out on the popliteal surface of the

femur as low down as the posterior ligament of the joint (8).

To a less extent this is the case also in the orang. Those

fibres correspond to part (b) (adductor magnus posticus).

IV. The Muscles on the Feont of the Thigh.

Tensor fasciae femoris consisted of two separate muscles,

a superior and an inferior. The superior was a very thin

delicate muscle, taking origin from the anterior border of

the ilium just below the anterior superior iliac spine, and

from the fascia covering the gluteus medius, and that carried

its attachment backwards along the short iliac crest to the

posterior superior iliac spine. It was inserted into the

anterior edge of the slightly thickened portion of the fascia

lata on the outer side of the thigh, at about the junction of the
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upper and second fourths of the thigh. The inferior muscle

was somewhat larger than the superior. It took origin from

the bone above, and outside the anterior inferior spine of

the ilium, and was some little distance removed from the

superior muscle at its origin.

As it passed downwards, it lay internal to and partly

under cover of the superior muscle. It was inserted into

the fascia lata under cover of the insertion of the superior,

but extended farther towards the knee.

Both muscles were enclosed in a fold of deep fascia, which

extended from the anterior border of the ilium downwards,

to become continuous with the fascia lata on the outer side

of the thigh.

Both were supplied by branches of the superior gluteal

nerve. The branch to the inferior muscle passed forwards

between two of the divisions (the first and second) of the

gluteus minimus, and was larger than was proportionate to

the size of the muscle.

In most cases tensor fascice femoris is blended in a greater

or less degTee with gluteus maximus, but there was no fusion

in the Bapale. In lemurs the muscle does not exist apart

from gluteus maximus. In all the Primates described by

Bischoff, it is a weak muscle, and almost entirely blended

with the anterior border of gluteus maximus. In Midas

Tosalia (3) it is fairly large and distinct, and slightly con-

nected with gluteus maximus. In Cynocephalus anuhis it

arose half-way down the border of the ilium. In man the

muscle may be split into two or more parts (11).

Sartorius was long and slender, and muscular throughout.

It arose from the anterior superior iliac spine and from the

border of the ilium immediately below, internal to the

superior tensor. It was inserted into the inner surface of

the upper part of the tibia, just in front of the insertion of

the gracilis.

The nerve supply was from the anterior crural nerve.

In the Midas rosalia (3) the sartorius is less like the

muscle in man, for the lower end expands into a broad

sheet of muscular fibres. In lemurs the origin is lower

down on the anterior border of the ilium than in Hapale.
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Among monkeys generally, an insertion in common with

gracilis is frequently met with.

Eectus femoris arose by two heads, a straight and a

reflected as in man, but there was less of a break in the

continuity between them. The straight head arose from the

anterior inferior iliac spine and the bone immediately external

to that. The reflected was a flattened tendon attached to

the ilium above the acetabulum. This head could be traced

as a flattened tendon almost to the insertion of the muscle.

It lay imbedded in the substance of the muscle, with its

surfaces directed outwards and inwards, its edges backwards

and forwards. It tapered to a point inferiorly. It was

surrounded by muscle except the upper part of the posterior

edge, which was free. Muscle fibres took origin from both

sides of it. The tendon of insertion of rectus was attached

to the upper border or end of the patella, and some fibres

are continued over the anterior surface of the patella to the

ligamentum patellae.

The other three heads of the quadriceps extensor were

relatively not so powerful as in man. The two vasti had

very limited origins, the attachments to the back of the

femur and inter-muscular septa being altogether wanting,

and these two muscles did not form the large muscle masses

they do in man, but were somewhat fusiform in shape, and

they were very much more easily separated from the crureus

than they are in man.

Vastus externus arose from a depression on the anterior

and outer aspects of the great trochanter below the insertion

of scansorius, and from a very small part of the bone below

in front of the upper part of the insertion of gluteus

maximus. A few fibres took origin from the front of the

capsule of the hip joint. It did not arise from the back

of the femur, or from the external inter-muscular septum.

Vastus internus was only about one-third the bulk of

vastus externus, but it had a broader origin. It was attached

to the antero-internal surface of the shaft of the femur

immediately below the line joining the trochanters in front.

This attachment occupied about a sixth of the length of the

femur. It extended outwards and upwards to the origin of
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vastus externus. luternally it was limited by the insertion

of pectineus, where some mixing of the fibres of the two

muscles took place.

Crureus took origin from about three-fourths of the shaft

of the femur, below the origins of the vasti. Above it arose

from the anterior and outer surfaces only, leaving the inner

surface of the femur bare of muscular attachment. In the

lower two-thirds its origin occupied the anterior, outer, and

inner surfaces of the femur.

As the three muscles approached their insertion, the two

vasti diminished in size, converged, and became tendinous.

From both tendons a superficial aponeurotic expansion was

given off. The expansion from the vastus externus was

attached to the outer side of the tendon of rectus, to the side

of the patella and the ligamentum patellae, becoming con-

tinuous with the capsule of the knee joint and with the

fascia of the leg. The expansion from vastus internus was

attached to the inner side of the tendon of rectus, the

patella and ligamentum patellae. Internally it was attached

to the internal lateral ligament of the knee, below it joined

with the insertion of sartorius.

The aponeurotic expansions having been given off, the

converging tendons of the two vasti met and joined together

in front of the crureus and behind the tendon of rectus, and

were inserted into the upper border of the patella. On the

deep surface of the blended tendons there was found a

flattened piece of cartilage measuring about 4 millimetres

each way. On the superficial surface of the cartilage were

the fibres of the tendons of the vasti in which it lay. Into

its deep surface, and its upper and inner borders, most of the

fibres of crureus were inserted. The remaining fibres of

crureus were inserted into the upper end and inner side

of the synovial capsule of the knee, which protruded upwards

under the crureus and the tendinous expansions of the vasti.

These few muscle slips, constituting the sub-crureus, could

not be separated, except very artificially, from the crureus.

Each of the heads of the quadriceps was supplied by one

or more branches from the anterior crural nerve.

All through the Primates the quadriceps is justly so
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named. In lemurs (2) the attachments and the relative

sizes of the two vasti are as in Ha^pale. In Galago garnetii

the united tendon of rectus extends for two-thirds of the

length of the muscle. Eectus has in some cases only one

head, e.g., Cynocejphalus anuhis (7), gibbon (8), Rylohates

cynocejphaluSy and often in the chimpanzee (17). The vasti

become stronger, and obtain a more extensive origin as the

erect attitude is approached. In Anthropoid apes (8) the

origin is as in man. The prolongation of the tendon of

rectus into the substance of the muscle, down almost to its

insertion, is merely an exaggeration of the condition normally

found in man.

I do not find any record of the presence of a suprapatellar

cartilage developed in the tendon of the quadriceps in any

of the Primates. It was well developed in the Hapale

jacchus.

Psoas magnus was relatively a small muscle. It took

origin by four slips from the contiguous borders of and

intervertebral substance between the 3rd, 4th, 6th, and 6th

lumbar vertebrae and the corresponding transverse processes,

and also from the ala of the sacrum. It passed downwards

by the side of the vertebral column behind psoas parvus,

and along the brim of the pelvis overlying the iliacus, which,

until their exit from the abdomen, was concealed by it.

Escaped from the abdomen, it passed obliquely downwards

to its insertion by a tendon into the small trochanter.

It was supplied by branches from the 3rd and 4th lumbar

nerves, and from the anterior crural by a long branch, which

also supplied iliacus.

IHacus was a small narrow muscle, and in the abdomen

lay under cover of psoas. It arose from the very narrow

abdominal surface of the ilium, which also gave origin to

quadratus lumborum. The main origin of iliacus was below

quadratus, but it sent up two pointed slips, one on each side

of the quadratus. The outer of these slips was the larger.

The inner, a very small slip, went beyond the ilium, and was

attached to the outer margin of the ala of the sacrum and

the anterior sacro-iliac ligament. Behind Poupart's ligament

it appeared from under cover of psoas magnus, and lay to its
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outer side. It was inserted into the tendon of psoas magnus,

the small trochanter, and the shaft of the femur below.

It was supplied within the abdomen by several branches

of the anterior crural nerve, one of which also supplied psoas

magnus.

The blending together of psoas and iliacus is a common
character in the Primates. In some lemurs there is a double

origin to iliacus.

The Nerves.

There were six lumbar nerves, the upper five of which

corresponded to the five lumbar nerves of man, the 6th

corresponded to the 1st sacral of man.

The obturator nerve was formed by roots from the 2nd,

3rd, and 4th lumbar nerves, the contribution from the 2nd

being very small. It appeared at the inner side of psoas

magnus, ran along the margin of the pelvic brim, and passed

through the obturator foramen, dividing as it did so into

superficial and deep divisions, both of which supplied the

obturator externus. The superficial division pierced the

upper edge of the obturator externus, and proceeded down-

wards in front of the adductor brevis. It supplied the

adductores longus, brevis, and gracilis, and ended in the

adductor magnus proper. The deep division pierced the

obturator on a deeper or more posterior plane, and thereafter

lay behind adductor brevis. It supplied adductor brevis,

" adductor magnus posticus," and adductor magnus proper.

There was no cutaneous branch from the obturator nerve.

The anterior crural nerve had its origin from the 2nd, 3rd,

and 4th lumbar nerves behind the obturator. As in the

case of the obturator nerve, the fibres from the 2nd lumbar

were very few. (The communicating branch from the 2nd

lumbar to the 3rd was chiefly used up in the formation of

the external cutaneous nerve, and only a few fibres joined

the roots of the anterior crural and obturator nerves.) The

anterior crural nerve lay deeply hidden between the psoas

magnus and the iliacus, and escaped from between them

only after its exit from the abdomen. It gave off cutaneous

branches as in man, and supplied the psoas and iliacus in the
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abdomen, the sartorius, the pectineus, and the four divisions

of quadriceps in the thigh.

The external cutaneous nerve was formed by two roots,

one from the 2nd and one from the 3rd lumbar nerve. It

passed out of the abdomen behind Poupart's ligament, and

supplied skin on the outer side of the thigh and knee.

The great sciatic nerve was formed by a small branch

from the 4th lumbar, practically the whole of the 5th and 6th

lumbar nerves, and a small branch from the 1st sacral. The
small descending branch of the 4th lumbar joined with the 5th

to form what corresponds to the lumbo-sacral cord in man.

Before the last two lumbar nerves joined they each gave

off a branch from their dorsal aspect. These two branches

united and formed the superior gluteal nerve, which passed

out of the pelvis through the great sciatic notch above the

pyriformis, and supplied the gluteus medius, both divisions

of the tensor fasciae femoris, and all the four divisions of the

gluteus minimus.

The great sciatic nerve, or sacral nerve cord, passed out of

the pelvis through the great sciatic notch below pyriformis.

It proceeded downwards through the gluteal region super-

ficial to the gemelli and quadratus, entered the thigh, and

ran downwards under cover of biceps between the caudo-

femoralis and gluteus maximus. In the middle of the thigh

it ended by dividing into two—the internal and external

popliteal. All its branches were given off in the gluteal

region, and in the following order :

—

1. Two branches to the gluteus maximus, one to the upper

and one to the lower division. The lower branch was joined

by a twig from the 2nd sacral nerve. These each divided

into several branches before entering the muscle.

2. A branch to the quadratus femoris. This nerve ran

downwards under cover of the gemelli and the tendon of

obturator internus, and supplied a branch to the capsule of

the hip joint, and another to the inferior gemellus, before

entering quadratus.

3. A branch which joined the internal pudic, but left that

nerve again to supply the obturator internus on its perineal

surface.
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4. A branch which ran downwards superficial to the

gemelli, and having supplied a branch to each gemellus,

ended in the caudo-femoralis near its origin.

5. A large branch (given off from that part of the nerve

which became the internal popliteal) which ran down over

the gemelli and quadratus and internal to caudo-femoralis,

between that muscle and semi-tendinosus. It supplied

branches to caudo-femoralis, biceps, semi-tendinosus, semi-

membranosus, and presemi-membranosus.

While the natural division of the great sciatic into the

two popliteal nerves was at the middle of the thigh, the

two popliteals were separated without difficulty as far up as

their origin from spinal nerves. The external popliteal was

formed mainly from the 5th lumbar, a few fibres came from the

small communicating branch from the 4th, and the rest from

the 6th. The internal popliteal was formed chiefly from the

6th lumbar, and the communicating branch of the 4th, the

6th, and the 1st sacral each contributed a few fibres.

The other branches of the great sciatic were also traced

' back to their origin from spinal nerves. The branch to the

hamstrings got fibres equally from the 5th and 6th lumbar,

and a few from the 4th lumbar.

The branch to quadratus femoris came from the 5th lumbar.

The branches to the gemelli and caudo-femoralis, and to

'the obturator internus, both came from the 4th and 5th

lumbar nerves.

The branch to the upper division of gluteus maximus

came from the 6th lumbar and 1st sacral ; that to the lower

part came from the 1st, and was joined by a branch from the

2nd sacral.

The branches of the superior gluteal nerve were also traced

back to their origin. The supply to the gluteus medius came

exclusively from the 6th lumbar nerve. The supply to the

two middle pieces of gluteus minimus came from tlie 5th

and 6th The supply to the other two parts came from the

5th only. The supply to the superior part of tensor came

from the 6th, while that to the lower came from the 5th.

The nerve to pynformis had two roots, one from the 6 th

lumbar and one from the 1st sacral nerve.
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XVI. Anaholism and Specialisation. By Cecil B. Crampton,

M.B., CM.

(Received 1st March 1904; read 28th March 1904.)

In a paper entitled "A Suggestion on Extinction/' which

was read before the Eoyal Physical Society in March 1901,

I attempted to point out that there might be some connec-

tion between the bad effects produced by long-continued

in-breeding and the weakness which appears to be the result

of long-continued specialisation within narrow limits. I also

stated that it was the opinion of many that no form of life

can undergo repeated fission, budding, or self-fertilisation,

indefinitely, without bringing about its own extermination.

That there seems to be a necessity, sooner or later, for some

sort of blend to occur to prevent the dying out of the stock,

and that as we proceed from forms of less specialisation to

those of greater specialisation, there is an increasing necessity

for this blend. Towards the end of the paper I tried to

convey by the expression " potential variation," the dormant

power of variation possessed by primitive protoplasm, which,

played upon by natural selection, has led to such different

results as a plant, an insect, a mollusc, and so forth. An
insect has no powers of evolving into a vertebrate, nor one

of the higher plants into a mollusc. These seem, therefore,

in common with all other forms which have undergone

specialisation, to have lost some of the possibilities of varia-

tion in comparison with the primitive protoplasm, or they

have less potential variation than in the original condition.

In reconsidering the position there taken up, it seemed

that by restating this potential of variation in terms of

metabolism, we might obtain a better view as to the different

relations which plants and animals bear to the question.

Since while animals through specialisation, along with an

increasing necessity for cross-fertilisation, show an increasing

loss of asexual powers of reproduction, in plants, while the

first appears to be true, the second appears to be exactly the

reverse. Professors Geddes and Thomson, in their very

interesting and suggestive book, "The Evolution of Sex,"

have formulated the antithesis of anaholism and katabolism
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as shown in the female and male sexes respectively, and

have suggested the same antithesis as dominating plants and

animals. While admitting this antithesis as far as kata-

bolism is concerned, it seemed that a somewhat different

expression of the contrast of the metabolism in animals and

plants, which would depend on the kind of anabolism along

which each had separately specialised, might give a clearer

view of the matter. Katabolism cannot take place without

corresponding anabolism, and the greater the katabolism the

greater must be the anabolism. Although anabolism may
take place with accompanying greater or less loss of energy,

it seems that in all the higher forms of life in which we find

the greatest recurring katabolism, that here also we have

the greatest anabolism. The chief difference between the

metabolism in plants and animals appears to be, that the

plant is anabolic and wastes but little on katabolism, while

the animal wastes enormously in katabolism, but has great

powers of anabolism to keep pace with it. If we suggest

that in animals the specialisation is dominated by an

increasing tendency to instability in the products of

anabolism, or by mere simile, the production of living

material whose organic molecule is more and more complex

and unstable; and in plants, on the contrary, that the

specialisation is dominated by an increasing tendency to

stability in the products of anabolism, or the production of

living material whose organic molecule is increasingly more

simple and stable, the question of the loss of potential which

we were discussing above will be partly governed by a

different factor from the point at which animals and plants

divercjed in the course of evolution. It would follow that,

previous to this point in the evolution of organisms, the type

of specialisation would not have had the same direction as

that in which plants have since evolved. The primitive

protoplasm must have first acquired that instability of

anabolism, or elaboration of its substance, which allowed of

the essential factors of life. To those who believe in the

evolution of organisms from unorganised matter, this primi-

tive organised structure must have been capable of anabolising

from unorganised material before the first true plants were
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evolved. To repeat, the greater the katabolism the greater

must be the anabolism, and in animals the great katabolism

implies at the same time a great anabolism and a great

instability in the products of the anabolism. Thus the

course of evolution in animals might be stated as follows, in

terms of metabolism :

—

1. Simple anabolism—growth without differentiation.

2. Anabolism of more unstable type—growth with dif-

ferentiation.

3. Anabolism of such unstable type that katabolism keeps

pace with it—differentiation without growth.

4. Preponderant katabolism—senility and death.

In animals this instability or plasticity would at

length by specialisation become so marked as to be in-

capable of self-government, or what might be termed

organic coherence, just as in chemistry certain compounds

may be built up by synthesis until their instability becomes

so great that their chemical coherence is broken by the

slightest stimulus.

In the case of plants, where the specialisation would be in

the direction of greater stability in the products of anabolism,

the course of evolution in like terms would be

:

1. Simple anabolism—growth without differentiation.

2. Cheaper methods of anabolism entailing less expendi-

ture and greater stability in its products—growth

with differentiation.

3. Cheaper methods of anabolism—differentiation without

growth.

4. Death from complete passage of the protoplasm into

more stable products of anabolism.

The only cells which can be said to retain their vitality

for long periods in the life of the higher plants are the

meristematic cells of the growing points and of the cambium.

The cells which spring from these, and undergo specialisation

into conducting, supporting, and storage tissues, and into the

special assimilatory organs for carbon, etc., are, in different

degrees, constantly undergoing death, and are replaced by

others derived from those of the growing points. These

specialised cells, even after death, may be used for the
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passage of plastic food material, and there seems to be no

reason to believe that their death is in any way due to a

want of sufficient nutriment, though it is quite possible that

some specific want may occur as far as their chemistry is

concerned. It would seem likely that the highly specialised

cells of plants undergo death on account of their protoplasm

passing gradually into more stable organic substances, which

have lost the essential functions of life. The protoplasm of

such organs as have complied with the requirements of the

life of the plant, and are destined for death, is said in some

cases to be reabsorbed into other parts of the plant in the

form of plastic material, and the dead cells are often found

empty of their protoplasm. It seems also that cells of

organs which are used for storage purposes do not regain

their vitality when the food material is recovered for the use

of the growing shoots, and it would appear from this that the

kind of specialisation found in plant cells leads to their death

in spite of abundant food material.

It is in plants and the lowest forms of life that anabolism

at first sight seems to be most evident. This is due to the

greater part of the food being used solely for growth, whereas

in the higher animals the energising or katabolism is so

marked as in more or less degree to keep pace with the

anabolism when adult life is attained.

The power of simple anabolism probably decreases on

passing upwards both in animals and plants, in fact, the

rapidity of growth and division in some of the lowest forms

of life is immeasurably greater than in the higher forms.

One judges of an animal chiefly by its katabolism, and of a

plant by its stable products of anabolism, though in both the

anabolism is the essential factor in their evolution. In

animals, the more elaborate the anabolism and unstable its

products, within healthy limits, the more governable and

elaborate would be the katabolism. In plants, on the other

hand, the more stable the products of anabolism became, the

less would be the katabolism. As regards the lower forms

of life, the greater the anabolism the greater would be the

potential of katabolism. Whether the katabolism became

actual, governable, and elaborate, would depend upon whether
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specialisation took the direction of instability in the products

of anaholism.

I have attempted to bring together some facts regarding

the difference of animals and plants in their metabolism,

and also other points drawn from sexual reproduction and

allied subjects which seem to have a bearing on the question.

As a result of anaholism in animals, we get the energy

with accompanying excretion of material as shown during

life, and the highly unstable organic products of the body

after death. This body is quickly broken up into compara-

tively simple organic compounds. Stable structures of the

animal body after death, such as bone, shell, and the like,

consist chiefly of elements which do not enter largely into

the composition of living protoplasm. Exceptions to this

are seen in the chitin, keratin, etc., of dermal structures ; and

the cells, which consist largely of these substances, might be

looked upon as having suffered death from katabolism, owing

to a decrease in nutrition. On the other hand, the more

specialised plant structures are comparatively stable after

death. These structures are in large part organic in composi-

tion, consisting chiefly of the essential elements of living

protoplasm, and appear to be more or less synthetic in nature.

Over-nutrition in animals tends to retard specialisation,

and, in fact, to bring about what is termed degeneration.

This is well seen in parasites, which lose the organs of high

animal specialisation and gain in powers of simple growth

and less specialised methods of reproduction. That this

degeneration has been brought about partly by cessation or

reversal of natural selection seems probable, but the high

degree of nutrition attained by the parasitic mode of life

would appear in large measure to lead to this result. In

animal life, therefore, high nutrition favours reproduction,

but tends to degrade it from the sexual to the asexual type.

The results of excessive nutrition in plants are not easy to

observe, as it is impossible to make a plant assimilate more

carbon than its leaf-area will allow. However, Wallace states

in " Tropical Nature " that the greater the vegetation the less

the conspicuousness and the number of flowers, not only in

the Tropics but elsewhere, and this is especially observable

VOL. XV. P
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when contrasting the tropical and mountain forms. High

nutrition in those which have a large leaf-area tends

evidently to the greater specialisation of the plant along the

line of greater asexual vegetative growth, and its tendency

to reproduce itself is checked. As regards the ash con-

stituents, high nutrition, as seen in plants under cultivation,

apparently also tends to the greater specialisation of vegeta-

tive growth, and generally leads to the plant stuffing its

roots, tubers, or fruits with more simple products of

anabolism. Darwin, in his " Variation under Domestica-

tion," states that sterility is produced in plants by too much

manure, warmth, or dampness, causing them to run to leaf,

and that this is seen in alpine or peat plants brought into

the rich soil of gardens. He also notices the tendency to

produce double flowers. The sterility as seen in the seedless

fruits of high cultivation might be mentioned here. All

these tendencies in cultivated plants are of course favoured

by artificial selection, but they must occur in the first place

to be selected; and it seems probable, as is generally supposed,

that the results are due to the high nutrition. On the other

hand, the check to nutrition in plants, by pruning or placing

in small pots, appears to retard the specialisation of ordinary

vegetative growth, and to hasten the production of sporo-

phylls. The intense fertility of alpine or peat-loving plants

misht be noticed in this connection, and the burst of blossom

in the heather and the little moss campion are familiar

examples. It is to be remarked that the great specialisation

of form and colour on the part of the petals and other parts

of the flower have been brought about secondarily in the

higher forms of plants by the increasingly great necessity for

cross-fertilisation, and the brightness of flowers is probably

to be chiefly attributed to this. In animals there appears to

be an optimum-minimum of nutrition tending to the greatest

show of energy. The senses are well known to be heightened

by hunger. Starving seems to hurry on metamorphosis,

while over-nutrition delays it, and allows of further growth;

and it is evident that the increasing length of time in the

high nutrition of embryonic life, seen in the higher verte-

brates, allows of the acquirement of greater size and delays
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the onset of specialisation and maturity. Embryonic life

with the continually added nutrition, and its result the

rapid growth and slow specialisation with the acquirement

of great size, is to be contrasted with the highest forms of

metamorphosis, where a previously w^ell-nourished larval

form is suddenly completely checked in any further addition

to its nutrition, with the result we see in the extremely

rapid specialisation with some diminution in bulk. The

body size depends chiefly on the number of cell divisions

and not on the size of the cells. The tendency to division is

most intense at first, and gradually diminishes until adult

existence, when some of the cells, e.g., nerve cells, apparently

stop dividing.^ It would follow from this that the size

acquired by the body would depend upon the length of time

that the stage of intensity of cell division could be pro-

tracted, or, in other words, the length of time that a simpler

anabolism could be kept up, and prevented from passing

over into the stage of anabolism of greater instability. This

would largely depend on the duration of embryonic life,

and the effective degree to which the nutrition could be

brought.

To turn for a moment to the effect of lowered nutrition on

the nervous system, and some of the effects produced by

poisons. There is no doubt that sensibility, or what might

be called the instability of the nervous tissue, is greatly

heightened by hunger and starvation. Pain is always

agoravated under conditions of bad nutrition. Death from

starvation is said to take place in a fit of maniacal delirium

or in horrible convulsions. It seems likely that epilepsy

and states of defective inhibition are due to an extreme

instability of the nerve cells in certain parts of the brain,

and that this instability would be heightened by impoverished

nutrition, and lessened by an excessive food supply. In-

organic substances which are poisonous, and act by causing

great chemical changes in the protoplasm, have, of course,

much the same action on all living material, and the same

may be said for those organic substances which act by

complete and sudden extraction of the water. There are,

^ See "The Cell in Development and Inheritance" (Wilson).
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however, certain organic substances, which usually cause

small appreciable chemical change in the tissues, such as the

poisonous alkaloids and albumenoids, and which, as poisons,

seem to produce very different results on different kinds of

living tissue. Plants which owe their poisonous properties

to these alkaloids, generally contain them disseminated

throughout all their organs, and in some cases are apparently

immune to their effects as poisons. Some of the lowest

forms of life appear to live with impunity in media saturated

with poisonous albumenoids. Small doses of these poisonous

substances have very marked effects upon the higher animal

life, and though they often cause death among the lower

forms of tissue, their poisonous property seems to be chiefly

directed towards the nervous and muscular systems. Their

effects as convulsants or narcotics upon these tissues would

appear to have some relation to their power of altering in

kind or degree the form of katabolism which the tissues

normally undergo. Looked at from the point of view of

stability or instability of the products of anabolism, the

animal tissues, and especially those whose kind of katabolism

is the most highly governable and elaborate, are just those

on which we would expect these substances to act most

powerfully, if we consider the governability of the katabolism

to depend directly upon the elaboration and instability of

the products of anabolism. Should this be so, we might infer

that the presence of katastates in animals tends to produce

a further instability of the protoplasm, or to alter it in some

way so as to completely stop its action, their first effect being

to act as excitants, but in larger doses to so alter the in-

stability as to act as convulsants or narcotics. The poisonous

nature of the waste products in animals is well shown by

the increasing complexity of the systems for the excretion of

these substances. Plants, when looked at from the point of

view of greater stability in the products of their anabolism,

would, by the presence of these substances, have their

protoplasm rendered more irritable and unstable, and this

would favour the retention of a generalised condition. The
Fungi, which appear almost always to live in a close associa-

tion with these substances, might owe their degenerate
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character as plants to this association. The higher plants

would, through specialisation, increasingly lose the tendency

to form these katastates, except where they could be formed

and retained as protective poisons, or in some other condition

favouring the preservation of the species.

As to the separate lines of evolution followed by plants

and animals, it is quite evident that once these tendencies

to divergence of specialisation were acquired, they would

gradually be increased by natural selection, according as to

what was most beneficial for each diverging type. That

primitive type, which could afford to wait for its food owing

to the small amount of waste it underwent, and from the

same cause could show the best account for it when it

obtained it, would have this property gradually increased by

natural selection, and its tendencies to katabolism would thus

be reduced more and more, impeding its powers of locomo-

tion. But when brought in contact with conditions that

were unfavourable for the continuance of its existing mode

of life, the tendency would be for it to show return to a more

active habit in order to procure an existence, and motile

zoospores would be liberated. The causes unfavourable to

its existence, apart from its being engulfed as food by some

other organism, perhaps a less common mode of death then

than later in the history of organisms, would chiefly come

from the inorganic changes in the outer world. Amongst

these, as an attempt was made to gain a littoral existence,

one of its greatest enemies would be dessication, and any

form that it could take which would resist dessication for a

while would prove of vast service. The tendency for resting-

spores to be formed by the conjugation of these zoospores

could be accounted for in this way. Among Algee these

resting-spores seem now to occur chiefly in the fresh-water

forms, and these forms would certainly seem to suffer most

from dessication. Through survival of the fittest these Algse

would acquire the possibility of living in drier situations-

The sexual plant, as constituted, would, however, be unfitted

for a continued existence under the adverse conditions of

dryness and quick changes of temperature found on land, and

would repeatedly find refuge in the formation of resting-
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spores to escape these conditions. Dissemination of these

spores, for a plant living on the land, could only be obtained

by means of the wind, and a sporophore would become

essential for raising them as far as possible into the air. At

such times as the conditions became unfavourable, the result

of the conjugation would be to form this sporophore. From

the nature of the capsule of the moss plant, it is well seen

that variations must have occurred in this sporophore which

made it better able to resist the laud conditions than its

progenitor the gametophyte. The production of a trans-

fusion regulating apparatus, in the form of stomata, and a

true root which could penetrate the soil in search of water,

would give this sporophore advantages never attained to in

the gametophyte ; and gradually natural selection would

render it more and more perfect with powers of self-

sustenance and greater permanence, the formation of the

spores being put off to a later and later period. Having thus

more or less acquired the power of living in dry situations, a

new enemy in the form of its sister plants would come into

view, and its success in getting its food supply would depend

upon its power of overtopping its neighbours. The dangerous

existence of the gametophyte would be resorted to at longer

and longer intervals. The sporophyte acquiring great

specialisation in size, the possibilities of the spores germinat-

ing under conditions suitable for a successful issue from the

gametophyte would become more and more restricted. This

would inevitably be the case when through specialisation the

necessity arose for cross-fertilisation between the germs from

different gametophytes, and then further between those

produced by different sporophytes. The homosporous condi-

tion giving way to the heterosporous condition, the possibilities

of the germs meeting one another would become so remote

that any variation in the production of the spore, which

allowed it to become parasitic upon the asexual plant, would

be readily resorted to as the best method for the continua-

tion of the species. The possibilities of wide cross-fertilisa-

tion having thus been acquired by the system of pollenation,

the production of a seed having resistant properties and

capable of wide dispersal, would be the latest stage in the
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process of evolution. Throughout all these changes, it is

evident that a permanence in the change was the most

beneficial to the life of the plant. Unlike animals, which

expend much energy in order to live, and which are therefore

loth to give up the material so dearly attained, plants, in

choosing this line of specialisation, and foregoing the produc-

tion of much kinetic energy, have often to be lavish in

expenditure of material to meet the changes imposed upon

them. To form material cheaply, or with the least expendi-

ture of energy, must therefore dominate their specialisation.

To return to the primitive forms. Those whose tendencies

were to the formation of more unstable products of anabolism

would require a greater nutrition than their more stable

sisters, and could not afford to wait until it came to them.

Constant locomotion alone would find for them the most

favourable localities for obtaining a sufficient supply of food,

and constant movement of some kind would alone allow of

their getting rid of their gradually increasing waste products.

The power of ingesting already living material into their

protoplasm would constitute a great advance in quickly

gaining large amounts of nutritious food. At a time when

the bulk of living forms still persisted in dividing and

separating at the limit of growth, any form which arose with

a tendency to a hollow spherical shape, through the com-

ponent individuals adhering to one another after division,

would allow of the passive locomotion of those whose hunger

was for the time appeased, by the continued movements of

the rest of the colony, while all would be equal in their

relation to the outside world. A tendency for the sphere to

become bag-shaped through the invagination of a part of its

surface, though offering different advantages to different

members of the colony, would be highly efficient in acting as

a tow-net, by capturing the small organisms around it on a

more extensive scale. The supply of food thus attained

might in time become so great as to gorge the colony to

repletion, and to cause it to return to a more sedentary form

of life, with a tendency to fix itself to the bottom. From this

point the building up of the coelenterate type of life would

begin through division of labour in the different components
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of the colony. In these sessile forms a continuance of high

nutrition would tend to the re-establishment of a more stable

type of growth, but a medium, nutrition would tend to the

more unstable form of specialisation, with increasing predomin-

ance of cells of a more active and governable katabolism ; and

should the conditions of nutrition become unfavourable, parts

of the colony, with the corresponding increasing instability of

the form of tissue, might again take to the tow-net method of

procuring their existence. In the evolution of this series the

organism is not allowed to rest; permanence is a disadvantage

to it ; over-nutrition, leading to the degenerate mode of life,

could only be successful under particularly advantageous

circumstances, as the impaired nutrition, resulting from a

sedentary existence, would lead to its wandering once more,

and to its forming tissues of greater instability. This

bringing about a constantly increasing need of more nutritious

food would tend further and further to the selection by

nature of those forms whose activity and co-operation of cells

allowed of them capturing larger prey or ingesting food in

greater quantities.

In applying the law laid down by Herbert Spencer, that

division of the cell is forced upon it, so long as its shape is

more or less of a spherical one, by the inequality increasingly

brought about during growth bebween the surface and the

volume contained, it becomes apparent that the cell of this

kind, which requires the greatest nourishment to keep

pace with its kind of anabolism, would be obliged to divide

more frequently than the cell whose form of anabolism went

to the building up of a more stable form of protoplasm. In

other words, a cell whose form of anabolism was to the

building up of unstable products, and which wasted a great

deal on katabolism, requiring as it would a quicker and more

nutritious supply of food for the renewal and building up of

its protoplasm, would have its limit of growth of a smaller

size, or the surface would have to be greater in propor-

tion to the bulk of the cell. On the other hand, the cell,

whose form of anabolism was to the building up of a more

stable form of protoplasm, and which would require less

nutritious food, and could take greater time in procuring it,
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would attain to a greater size, as it would require less surface

in relation to its bulk. The greater excretion of waste

products in the first case would also tend to the cell having

a greater surface in comparison with its bulk. Contractile

vacuoles and the presence of cilia would allow of the attain-

ment of greater size, but the use of these would involve the

expenditure of greater energy, with a necessity of greater

nutrition. Forms of life with many cilia appear to be able

to attain to a greater limit of growth than those which have

but one cilium or flagellum. The more sluggish amoeboid

forms attain a larger size, and are probably aided in this by

their contractile vacuoles and constant change of surface.

These are surpassed by still more passive forms, which have

acquired a high degree of nutrition through the parasitic

habit. The size acquired by cells would seem to depend not

only on the amount of nutrition available, and the relation

between the surface and the cubic contents of the cell, but

also upon whether the form of anabolism was to the produc-

tion of a more stable or a more unstable form of protoplasm.

The cells of degenerate forms of plants, like the Fungi, whose

form of anabolism is of a less stable type, appear to favour

either small size or a large superficies in relation to their

bulk, which latter is well seen in the mycelial habit. The

largest cells in animals are ova; these are often packed with

the products of a less elaborate form of anabolism, and, in fact,

to such an extent is this process sometimes carried, that parts

of the ovaries pass over into the condition of vitellaria, where

the cells consist of these unelaborated products.

In comparing the two types of germ cell, the ova and the

sperms, which hold good in contrasting these two forms of

anabolism in a more or less marked degree, the tendency of

the ovum is to a greater size, a spherical shape, less elabora-

tion and more stability in the products of anabolism, and a

reluctance to division. The sperm, on the other hand, shows

the instability of the products of its anabolism in its small

size, the comparatively large extent of its surface, and a

tendency to division until its powers of anabolism can only

keep pace with its constant loss of energy. This great

tendency to division in the early stages of formation
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would be necessary to allow of sufficient nutrition in

a cell whose form of anabolism is of the unstable type.

Should, therefore, animals have specialised in the direction

of greater instability in the products of anabolism, and plants,

on the other hand, iu the direction of greater stability in the

products of anabolism, the form of anabolism in the sperm

would be more typical of the former, and that of the ovum of

the latter. There is no need to point out furtLier the antithesis

of maleness and femaleness as seen in the sperm and ovum, or

that also stamped upon the individuals which bear these

different forms of germ cell, as this has been fully entered

into by Professors Geddes and Thomson in their book on

" The Evolution of Sex." The comparison of the germ cells,

however, as differing in the nature of their anabolism, would

allow of the inference that the sperm is more specialised in

its kind of anabolism as far as the animal series is concerned,

while, on the contrary, the ovum is more specialised in its

kind of anabolism as regards the plant world. It would be

brought about by natural selection, as animals and plants

evolved further and further, through the constant selection

of those forms which tended to vary the most in their special

line of anabolism, that that sex which tended to show this

form of variation in the most marked degree would take the

lead in the process of onward evolution. This opinion, which

has been advocated by Eimer and others in regard to animals,

seems, with some exceptions, to be perfectly obvious, and

though among plants it is less so, it is yet a noticeable fact

that the female plant is more specialised than the male in

those forms in which the gametophyte is more or less de-

veloped. In the higher plants, where the asexual form has

become so important, in the history of the evolution of

degeneracy and parasitism which the gametophyte has

undergone, the male is perhaps somewhat in advance of

the female in this retrograde movement, having adopted a

parasitic habit of almost fungus-like nature. It might be

added, that in animals in which a retrograde movement is

seen in specialisation, the female is generally in advance of

the male. In considering fertilisation from the point of view

of a possible gain of potential by the blending of two cells



Anahotism and Specialisation. 209

with slightly different tendencies to variation, where the

divergent blend of this kind becomes most essential, it even

seems that nature may have selected forms along two lines,

so as to produce the greatest divergence possible between the

sexes in their tendency to the two different types of anabolism.

By this means a forward evolution would be compatible with

the greatest retention of potential, or, taking animals as an

example, the greatest variation coupled with the greatest

stability in the products of anabolism, and in plants, the

greatest variation coupled with the greatest instability in the

products of anabolism. It perhaps should be pointed out that

variation in plants would depend upon divergence in the type

of stability of anabolism, in animals, along lines of instability

of anabolism. Variation in plants being associated with and

perhaps more or less due to the form of anabolism peculiar to

plants, and that in animals being associated with, and perhaps

more or less due to the peculiar form of anabolism found in

animals, it follows that variation is more likely to occur in

that form of germ cell which shows the peculiar kind of

anabolism most evidently. The source of variation would

chiefly lie in the more specialised germ cell, whether male or

female, but not necessarily limited to this cell. This would

usually be the sperm cell in animals, as the tendency to vary

on the part of the female germ would be more or less hindered

by its more stable form of anabolism. On the other hand,

this tendency on the part of the female germ would offer

greater possibilities of variation in the direction of the plant

type of specialisation for natural selection to work on.

Turning next to the factors tending to a return along the

path of evolution, which would be along the lines of in-

creasing stability in animals and increasing instability in

plants, I am aware that the idea that there is any rekindling

of life, if we may so call it, brought about by conjugation

and free crossing, is entirely rejected by some authorities on

the subject. Others, however, do admit the possibility of

such a return, and for these it is hardly necessary to refer to

the evidence which leads to this belief, and which appears

to be so thoroughly established by the great powers of cell

division induced by these processes, and the extent to which
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nature has laid herself out, in practically all forms of life, to

procure some sort of blend or cross at a time when the

powers of growth and division seem to be approaching an end.

To ask why this blend does cause a return seems a question

at present beyond our knowledge, but I have attempted to

frame a working hypothesis which would fit in with the above.

If life is to be looked upon as a rhythm of anabolism and

katabolism, as Professors Geddes and Thomson suggest, the

kind of anabolism must not only diverge in plants and

animals, but the form of this anabolism must further diverge

along the separate lines in which the diiferent groups of

animals and plants have evolved. In the individual, the

kind of anabolism must diverge along different channels to

form the different tissues, and it may be that not only do

the cells of the tissues have each their own power of building

up their own special form of tissue from a common food

material, but that they also may have a selective power on

the food supplied to them. It would seem, also, that during

specialisation the powers of simple anabolism or growth

without differentiation are gradually lost in this divergence,

until in some forms of tissue ordinary growth, as shown by

the power of cell division, is completely lost. To use the

idea suggested by Darwin's theory of pangenesis, if all these

different forms of anabolism found in the tissues of one

individual were conceived as being collected in a single cell,

it seems just possible that the different forms of anabolism,

as clearly shown in the different tissues, would be in some

degree antagonistic to one another, and become dormant or

potential in quality; while the powers of simple anabolism,

resulting in growth without differentiation, might be returned,

only to show once more the divergent forms of anabolism

when the effects of specialisation became marked. To apply

this to the germ cells, which have retained the power of

reproducing the animal in its entirety, these germ cells must

slightly diverge in their kind of anabolism in each individual,

or we should not have the phenomena of heredity so con-

stantly before us ; and it seems possible that a blend from

the cells of different individuals, wliich have diverged only

so far as can be seen by their results in heredity, may
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reinstate the great powers of cell division observable as the

results of conjugation. There would be a superiority in this

respect of true fertilisation over conjugation, since in the

latter process the differences brought into the blend would

be of an individual nature only, while in the former case

there would be superadded to this, as far as is possible in

each different group of animals and plants, the divergence

towards stability of anabolism in the ova and instability of

anabolism in the sperm cells. This might be pushed as far

as is compatible on the one hand with the retention of a

generalised power in the germs, and on the other hand with

the degree of specialisation to which evolution has carried

them. The sperm cell has probably throughout the animal

series an increasing tendency to pronounced instability of

anabolism, but this only to a point beyond which it cannot

go without losing its generalised powers. The ovum, on the

other hand, has acquired in different degrees in the same

series a much greater inclination to storage than is ever seen

in the ordinary conjugating forms of Protozoa, and this has

probably been in a large degree forced upon it by excessive

nutrition, causing greater stability of anabolism. In the

plant series the male cell is a sperm cell, except in the

phanerogams, where the loss of its flagellate form is probably

connected with the peculiar form of fertilisation, while the

ovum in the higher plants retains in a large degree its

original nature, and a high nutrition is not enforced upon it

until after fertilisation, as the acquirement of a form of

anabolism of greater stability might cause it to lose its

generalised power. Owing to the fact that natural selection

plays upon sexual individuals in animals, while in plants its

chief action must be upon the asexual form or sporophyte,

it happens that there is always more or less of a cross

brought about in animals through fertilisation, whereas in

plants this can only be obtained by elaborate mechanisms

to procure cross-pollenation. Seeing that plants have de-

veloped along static lines of evolution, and animals along

dynamic lines of evolution, the power of the germ cells

retaining their fertility would depend largely upon the

degree to which they retained in each their powers of in-
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stability and stability of anabolism. Conjugation, fertilisa-

tion, and crossing would be attempts further and further

afield to gain this result. The continual loss of these powers

through specialisation would be aggravated by restriction in

this field, and might be produced in the first place com-

paratively rapidly through too close in-breeding, and in the

second place slowly in geological time through natural

selection restricting the field of variation within narrower

and narrower limits.

Dr Ashworth has kindly pointed out to me one of a series

of papers called " Studies on the Life-History of Protozoa,"

by Mr Gary N. Calkins, which have appeared in the

Biological Bulletin of the Marine Biological Laboratory,

Woods Holl, Mass. From experiments on cultures of Para-

mceciurii caudcitum, Mr Calkins has come to the conclusion

that rejuvenescence in the Maupas sense can be brought

about without the aid of conjugation by means of a suitable

change in the nutrition when depression of vitality begins

to show itself. He believes that the rejuvenescence induced

by conjugation of forms that have lived under rather

different conditions can be accounted for on the grounds of

chemical differences in the composition of the protoplasm

of the different individuals. The importance of these results

is evident, as showing that there may be a relation between

conjugation and metabolism in the production of rejuvenes-

cence. Mr Calkins decides " to side with Weissmann in the

contention that these organisms have the potential of end-

less existence, and this without conjugation. When other

things fail, the organisms may resort to conjugation, but we

may consistently doubt whether this mode of recuperation

for Protozoa is as widespread in nature as hitherto

supposed." From the point of view of the other side, it

might well be asked why conjugation ever came into exist-

ence unless it was necessary for the persistence of the race.

In a few words I will summarise the hypotheses put

forward.

1. That plants and animals have diverged in their evolu-

tion owing to a difference in their kind of anabolism.

2. That in plants the specialisation has been dominated
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by an increasing tendency to stability in the products of

anabolism, and, consequently, the protoplasm of the growing

points retains a greater instability than the specialised cells

of the niaturer members, and that this tendency to stability

increases until it destroys the vitality of the cell.

3. That high feeding hastens this specialisation towards

stability, and, on the other hand, diminished feeding and

the presence of organic substances which excite kataholism

retard the specialisation along these lines.

4. That a large size is acquired by plants owing to high

nutrition favouring the stable type of specialisation, the

living parts of the plant using the over-specialised and dead

cells as a means of attaining bulk and extent.

5. That the specialisation in animals has been dominated

by an increasing tendency to instability in the products of

anabolism, and, in consequence, the vital processes are always

accompanied by a more or less pronounced katabolism.

6. That over-nutrition tends to retard this form of

specialisation, an optimum-minimum of nutrition and the

presence of organic substances which excite katabolism

tending to promote it.

7. That this instability of the products of anabolism

increases in accordance with the specialisation, during the

life of the individual, till katabolism gets the upper hand

of anabolism, with the resulting death.

8. That a large size is attained in animals through high

nutrition retarding the unstable type of specialisation, and

in the higher forms in particular, large size can only be

acquired by forcing the nutrition during that period of

development in which the form of anabolism has not yet

attained a high degree of specialisation.

9. That the isolation of in-breeding and continued asexual

forms of reproduction, and also that brought about by the

analytical separation by natural selection, by causing

specialisation of the two diverging forms of anabolism, tends

in course of time to extinction.

10. That the segregative effects of conjugation, crossing^

and cessation of natural selection, tend to foster that form

of anabolism which leads to growth without specialisation.
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XVII. Obituary Notice of the late Dr R. Milne Murray.

By David Waterston, M.D., F.E.S.E.

(Received 22nd April 1904 ; read 25th April 1904.)

Eobert Milne Murray was born at Fettercairn, Kincardine-

shire, on May 6th, 1855, where his father was a prominent

and highly-educated schoolmaster.

After a distinguished course as a student at St Andrews

University, he took the degree of M.A. in 1875, and then

came to study medicine at Edinburgh University. His

career as a student there was a brilliant one, and he

graduated with first-class honours in 1879.

Almost immediately after this he began to devote himself

to the study and practice of that special department of

medicine with which his name will always be associated as

a leader and pioneer, and from the first it became evident

that Milne Murray would take a high rank as a teacher and

a practitioner in Obstetrics and Gynecology.

But he was no narrow-minded specialist. His early

training had given him a very considerable knowledge of

chemistry, geology, and mineralogy, and at a later date he

made himself a thorough expert in electrical science,

electrical apparatus, and in all methods of electrical treat-

ment, and, as such, he was appointed the first electrician to

the Edinburgh Royal Infirmary, and it was under his super-

vision that the installation of electrical apparatus for lighting

and for treatment was carried out there.

He held many honourable appointments in Edinburgh,

and his writings and the instruments he devised made his

name known to medical men in all parts of the world. He
was a Fellow of the Eoyal Physical Society from the year

1884 to the time of his death. The character of his work

alone would make the name of Milne Murray admired and

respected, but among those who were privileged to know him

personally the feelings with which he was regarded were

more those of affection. He loved and was loved by

people of all ages and station, and it may truly be said of

him that he had no enemies. He was a true and staunch
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friend, and his simplicity and frankness, together with his

wide knowledge and keen common-sense, united to form a

personality outstanding among his brethren in Edinburgh.

His last illness began in 1902, and for some time he

bravely fought on, but was obliged to go abroad, in the hope

of benefiting by a change of climate. Unfortunately no

improvement followed, and he returned to Edinburgh, and

died on February 14th.

By his death the Medical School of Edinburgh has lost

one of its most prominent teachers and investigators, and the

medical profession a representative of its highest type, a

man devoted to science, with a most lovable personality,

universally trusted and respected.

XVII r. Some S2)ri7ig-tails nev- to the British Fauna, nntli

DescriiJtion of a New Sj^ccies. By George H. Carpenter,

B.Sc, M.R.I.A.,and William Evans,F.R.S.E. [Plate IV.]

(Read 25th April 1904.)

A few years ago, in a paper on " The Collembola and

Thysanura of the Edinburgh District" (1899), we had the

satisfaction of recording seventeen species new to the British

fauna. Since the publication of that paper many specimens

of Spring-tails from various Scottish localities have been

examined by us. So far, our researches have resulted in the

discovery of three species hitherto unknown in Great Britain,

which we now have pleasure in placing on record. Two are

from the Edinburgh or " Forth " district, and one from the

" Tay " area. The number of species that have been taken

in the former area is thus raised to sixty-one. It is of

interest to note that one of those now recorded, namely,

Isotoma sexoculata, TuUb., was found on the shore, below

hi^h-water mark, under stones that are submerged for some

time daily during most tides. The habitats in which the

other species were found are also deserving of attention.

The identification of the true Achorutes manuhrialis, Tullb.,

from Perth (one of the present records), has shown us that

VOL. XV. Q
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the small Spring-tail found near Edinburgh in March 1899,

and recorded in our paper above referred to under that name,

is a different insect ; and having failed to identify it with

any other known form, unless it be that recorded by Brook

(1884) also as A. maiiubrialis, we take this opportunity to

give a description of it under the new name of Achorutes

propinqiius.

It may be well also to mention now the following changes

in the nomenclature used in our Edinburgh list (1899).

(1) Isotoma arhorea, Linn., has been shown (Agren, 1903) to

be a prior name for the insect we recorded as /. sensihilis,

TuUb.; and (2) Isotoma Besselsii, Pack., is an older name for

/. spitzbergenensis, Lubb.

Order COLLEMBOLA.

Family ENTOMOBRYIDJE.

Isotoma sexoculata, Tullberg.

[Plate IV. Figs. 1-4]

Numerous examples of this Spring-tail were found by

Evans under stones below high-water mark on the shore of

the Firth of Forth at Dalmeny, about a mile east of South

Queensferry, Linlithgowshire, on 23rd March 1901.

The marine station in which we found this insect is

remarkable, since in its other known localities—Sweden

(Tullberg, 1872), Hamburg (Schaffer, 1896), Bergen (Lie-

Pettersen, 1896), and Kiev (Scherbakow, 1898)—it does not

haunt the sea-shore. The species is recognisable by its

short feelers, legs, and spring, and by the presence of three

ocelli only on either side of the head, behind the narrow

crescentic post-antennal organ (Figs. 1, 2). The feet and

claws are simple (Fig. 3), while the spring (Fig. 4), evidently

borne on the fourth abdominal segment, has a slender,

elongate mucro with two teeth. From the descriptions given

by Tullberg and Schaffer, we gather that our specimens,

which are greyish white, are paler in colour than typical

Continental examples of the species.
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Family PODURIDiE.

Achorutes manubrialis, TuUberg.

[Plate IV. Figs. 5-9.]

Achorutes manubrialis, TuUberg, 1872.

Achorutes Schotti, Reuter, 1895.

Achorutes manubrialis, Scliott, 1902.

Achorutes manubrialis, Agren, 1903.

Nee Achorutes manubrialis, Brook, 1881; Schaffer,

1896; Carpenter and Evans, 1899.

In April 1902, Mr A. M. Rodger, of the Perth Museum,

forwarded to us a number of Spring-tails which Mr Archd.

Gray had that month found in multitudes on the surface of

running water in a ditch at Corsiehill, near Perth.

Examination convinced us that they were identical with

the species described by Reuter (1895) as Achorutes Schotti,

and our determination was kindly confirmed by Dr Reuter

himself. Since then have appeared the papers of Schott

(1902) and Agren (1903), who establish the identity of this

species with A. manuhrialis, Tullb. The Spring-tail recorded

under the latter name by Schott (1893), Reuter (1895), and

Schaffer (1896), has been re-named A. Eeuteri by Agren.

The present species—the true A. manuhrialis of TuUberg

—hitherto known only from Sweden and Finland, where it

has been found on lake-shores, among grass, etc., may be

recognised by the short feeble hairs on the body—only those

on the hindermost abdominal segment being strong and

bristle-like (Fig. 7), the very short and straight anal spines

(Fig. 7), the feet with a single tenent hair, the upper claw

with a very feeble tooth, and the lower tapering gradually

and evenly to a fine point (Fig. 8), and the simple form of

the mucro of the spring (Fig. 9). Our specimens measure

from 1 mm. to 1'5 mm. in length.

Achorutes propinquus, sp. nov.

Achorutes manubrialis, Brook, 1881 (probably).

Achorutes manubrialis, Carpenter and Evans, 1899.

[Plate IV. Figs. 10-14.]

Length, '75 mm. Antennae shorter than the head,

the third segment slightly longer than the second or the
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fourfch. Eore feet with two, intermediate and hind feet with

three terminal tenent hairs; upper claw with exceedingly-

minute tooth, lower claw with distinct lamella and filiform

process (Fig. 13). Anal papilke very short and slightly

separated (Fig. 12); spines short and recurved. Spring with

dens and mucro together as long as manubrium; dens two

and a half times as long as mucro, which has a nearly straight

ventral edge, with two blunt, rounded knobs at the extremity,

and a narrow but distinct lamella (Fig. 14). The hairs on

the body are of the type of A. viaticus, Linn., short feeble

hairs only being present, except at the insertion of the legs

and on the hinder segment (Fig. 11), where a few long

straight bristles are found. The whole insect, excepting the

manubrium of the spring, is of a dark violet colour.

Locality.—Morton, near Edinburgh, under stoues.

As mentioned above, the Spring-tails found under stones

at Morton, near Edinburgh, in March 1899, and recorded by

us as Aclwrutes manubrialis, Tullb., are not referable to

Tullberg's species, although probably identical with the insect

recorded and in a manner described by Brook under the same

name. Further examination of these Morton specimens con-

vinces us that they do not agree with any described Continental

form known to us. The mucro of this form, to which we
have now given the name of A. propinciiius, is unlike that

of any Achorictes except A.Reuteri, Agren { = A. manuhrialis^

Eeuter), which has very short and straight anal spines, and

only a single tenent hair to each foot, and A. similis, Absolon

(1900), which we gather (the description is in Bohemian)

has larger anal spines, and two tenent hairs on all the feet.

From A. viaticus, Linn., our species is distiaguished by its

much smaller size and the form of the mucro ; and from the

Arctic A. tidlhergii, Schiiffer {^A. cluhius, Tullb., nee Tempi.),

also by the absence of long hairs on the body-segments.

Xenylla maritima, Tullberg.

In our Edinburgh list (1899) we recorded JC. humicola,

Fab., from the shores of the Firth of Forth, at Dalmeny and

Aberdour. We now have to record also the presence in the

neighbourhood of the Firth of Forth of the nearly-related
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X maritima, Tullb., a number of specimens having been

found by Evans at Eaitb, near Kirkcaldy, on 4th June 1901,

under bark on a felled " plane " tree. This habitat shows

that the species is, as has been remarked by Schaffer (1896),

by no means exclusively a marine one. X. maritima may
be distinguished from X. humicola by the fusion of the mucro

with the dens of the spring. This insect was recorded by

Brook (1884) from Jersey—which geographically belongs to

France—and Carpenter has found it in rock-pools on the

coast of Ireland ^ (Co. Wicklow), but it has not till now been

recorded from Great Britain.
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EXPLAXATION OF PLATE IV.

Fig. 1. Isotoina sexoculata, Tiillberg; x 42.

Fig. 2. ,, ,, ,, Left feeler, post-antenual organ and

ocelli; x 185.

Fig. 3. ,, ,, ,, Hind foot; x 370.

Fig. 4. ,, ,, ,, Spring; x 185.

Fig. 5. Achor utes mcmubrialis, TuWherg; x 55.

Fig. 6. ,, ,, ,, Post-antennal organ ; x 185.

Fig. 7. ,, ,, ,, Hindmost abdominal segment;

X 185.

Fig. 8. „ ,, „ Hind foot; x 370.

Fig. 9. ,, ,, ,, Dens and mucro of spring ; x 185.

Fig. 10. Achorutcs pi'opinquus, sp. nov. ; x 65.

Fig. 11. „ ,, Anal region, showing spines and bristles,

side view; x 185.

Fig. 12. ,, ,, Anal spines from above; x 185.

Fig. 13. ,, ,, Foot of third pair ; x 520.

Fig. 14. ,, ,, Dens and mucro of spring, side view; x 520.
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Wednesday, 20^7t iVovemfeer 1901.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in tlie Chair.

Dr David Hepburn, F.R.S.E., Vice-President, delivered the Opening

Address, entitled, "On some Morphological Evidences of the Evolution of Man."

Wednesday, 18th December 1901.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair,

The following gentlemen were elected Ordinary Fellows of the Society :

J. D. Falconer, Esq. ; James Alexander Waddell, Esq.

The following Office -Bearers for the Session were elected :

President—VrofessoT J . Cossar Ewart, M.D., F.R.S.

Vice-Presidents—Bayib Hepburn, M.D., F.R.S. E. ; W. S. Bruce, F.R.S. G.S.
;

William Evans, F.R.S.E.

Secretary—R. H. Traquair, M.D., LL.D., F.R.S.

Assistant-Secretary—Gregg Wilson, M.A., D.Sc,

T'ymsMrer—George Lisle, F.F.A., C.A.

Librarian—T. N. Johnston, M.B., CM.

Ooimcillors -Lionel W. Hinxman, B. A. ; Robert C. Mossman, F.E.S.E.
;

Professor E. A. Schafer, F.R.S. ; Richard J. A. Berry, M.D. ; David
Waterston, M.A., M.D., F.R.C.S.E. ; Robert Munro, M.A., M.D.,

LL.D., F.R.S.E.; B. N. Peach, F.R.S., F.G.S.; Sir T. D. Gibson

Carmichael, Bart.; J. G. Goodchild, F.G.S. ; A. T. Masterman,

D.Sc, F.R.S.E.; 0. C. Bradley, M.B., CM.; J. S. Flett, M.B., D.Sc.

The Secretary, Treasurer, and Librarian submitted their Annual Reports.

The following communications were read :

1. "Notes on the Wild Horse of Central Asia {Equus PrzeicalsMi,

Poliakoff)." By the President.

2. "What Determines the Sacral Region in Mammals?" By David
Hepburn, Esq., M.D., F.R.S.E., and David Waterston, Esq.,

M.D., F.R.C.S.E.

3. "Exhibition, with Remarks, of a Scottish Specimen of the Blackfish

{Centrolo'phus niger, Lacep.). By the Secretary.
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Wednesday, 15th January 1902.—B. N. Peach, Esq., F.R.S., F.G.S.,

in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society :

J. Y. Simpson, Esq., D.Sc, F.R.S.E.; Professor John Dunstan, M.R.C.V.S.

The following commnnications were read :

1. "On the Origin of Rock-Salt." With Limelight Illustrations. By

J. G. GooDCHiLD, Esq., F.G.S.

2. "Notes on the History of the Royal Physical Society." By the

Secretary.

3. "Exhibition of Anatomical Abnormalities." By Professor 0. C.

Bradley, M.B., CM.

Wednesday, 19th February 1902.—Professor J. Cossar E^VART, M.D., F.R.S.,

President, in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society :

John Cameron, Esq., M.B , Ch.B., M.R.C.S. Eng. ; J. Hamilton Leigh, Esq.,

F.L.S.,F.Z.S.

The following communications were read :

1. "On Horses of Paleolithic Age, and their Relation to Man." By

Robert Munro, Esq., M.A., M.D., LL.D.

2. "On Cairngorms." With Lantern Hlustrations. By E. H. Cunningham

Craig, Esq., B.A., F.G.S.

3. Some Lantern Slides of Horses were also exhibited by the President.

Wednesday, 19th March 1902.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society :

David A. Farquharson, Esq., M.B., CM.; Francis Cowan, Esq.

The following communications were read :

1. " The Cffilentera in Relation to Geological Zones." By J. G. Goodchild,

Esq., F.G.S.

2. "The Hemiptera-Heteroptera of the Edinburgh (Forth) District." By

William Evans, Esq., F.R.S.E.

3. "Recent Changes of Animal Life in Britain." By J. G. Goodchild,

Esq., F.G.S.

Wednesday, 16th April 1902.—Professor J. Cossar E\vart, M.D., F.R.S.

President, in the Chair.

The following gentleman was elected an Ordinary Fellow of the Society

Andrew Semple, Esq., M.D.
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The following recommendation of the Council was carried:

—

"That the Council Meetings be held on the Third Monday, and the

ordinary Meetings of the Society on the Fourth Monday, of each

month during the Session, and that the Laws (Sect VII. 1, and

Sect. VIII.) be amended in accordance with this alteration."

The following communications were read :

1. **0n the Development of the Epiphysis in Fishes, Amphibians, and

Birds." By John Cameron, Esq., M.B., Ch.B.

2. " A Method of Craniometry for Mammals." With Lantern Illustrations.

By 0. Charnock Bradley, Esq., M. B.

3. "On a Simple Decimal Scale of Biological Measurement." By J G.

GooDCHiLD, Esq., F G.S.

4. "A Possible Factor in the Bathymetrical Distribution of Certain Reef-

building Corals." By J. G. Goodchild, Esq., F.G.S.

SESSION CXXXII.

Monday y 2Uh November 1902.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair.

The following gentleman was elected an Ordinary Fellow of the Society:

J. Wyclif Black, Esq.

The following communication was submitted by the President:

"Germ Cells and Germinal Continuity." By John Beard, Esq., D.Sc.

Momlaij, 22ml December 1902.—Mr Wm. Evans, F. R.S.E., Vice-President,

in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society:

Gerald Rowley Leighton, M.D,, CM. ; Henry Taylor, M.K.C.V.S.

The following Office- Bearers for the Session were elected:

President—Vtoh^^ov S. Cossar Ewart, M.D., F.K.S.

Vice-Presidents—y^^\. Evans, F.R.S. E. ; Sir T. D. Gibson Carmichael.

Bart.; A. T. Masterman, D.Sc, F.R.S. E.

Secretary—K. H. Traquair, M.D., LL.D., F.R.S.

Assistant-Secretary—0. Charnock Bj-.adley^ M.B.

Treasurer—George Lisle, F. F. A., C.A.

Librarian—T. N. Johnston, M.B., CM.

Councillors—J)kvij) Wateuston, M.A., M.D., F.R.C.S.E. ; Robert Munro,

M.A., M.D., LL.D., F.R.S.E. ; B. N. Peach, F.R.S., F.G.S; J. G.

Goodchild, F.G.S.; J. S. Flett, M.B., D.Sc; James Bisset, F.L.S.,

VOL. XV. li
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F.G.S. ; Andrew G, Stenhouse; W. Eagle Clarke, F.L.S. ; Professor

John Dunstan, M.R.C.V.S. ; Professor Graham Kerr, M.A. ; J. H.

AsHWORTH, D.Sc. ; David Hepburn, M.D., F.R.S.E.

The Secretary, Treasurer, and Librarian submitted their Annual Reports.

The following communications were read :

1. "Note on the Occurrence of certain Cladocera in the Edinburgh District."

By Miss Sprague. Communicated by T. B. Sprague, Esq., LL.D.

2. "Some more Aculeate Hynienoptera from the Forth Area." By Wm.
Evans, F.R S.E.

3. "Exhibition, with Remarks, of mimetic Diptera, from the Malay Penin-

sula." By Nelson Annandale, Esq., B.A.

4. "On the Genital System of the Male Porpoise {Phocosna communis)" By

David Hepburn, Esq., M.D., and David Waterston, Esq., M.D.

5. Mr W. Taylor exhibited the pes and nianus of an ox, which had three

functional toes on all four feet.

Monday, 26th January 1903.—Professor J. Cossar Ewart, M.D., F. R.S.,

President, in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society :

W. A. Middleton, Esq., C.A. ; E. B. Jamieson, Esq., M.B., Ch.B.

The following communications were read :

1. "Some Colour Variations in the Adder ( J^/^^crd &t'/-ws) ; their extent and

significance with special reference to Melanism." By Gerald Leighton,

Esq., M.D.

2. "Exhibition of some Ophidian Specimens— (1) To show the capacity of

the Oi^sophagus of VqKra hcrus; (2) Slough of Python violurus; (3)

Slough of South American Boa." By Gerald Leighton, Esq., M D.

3. "Accessory Fins and Girdle in Raia batis/' By John Rennie, Esq.,

B Sc. Communicated by Professor J. Arthur Thomson, M A.

4. "Exhibition of Models of Echinoderm Development.'* By A T.

Masterman, Esq., D.Sc, F.R.S.E.

Monday, 23)-d February 1903.—Professor J. CossAR Ew^art, M.D., F.R.S.,

President, in the Chair.

The following communications were read :

1. "Is Progressive Evolution arrested by Intercrossing ?
" By the President.

2. " On Polydactylism in the Horse and Ox." By Professor John Dunstan,

M.R.C.V.S.
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Moiulay, 23rd March 1903.—J. G. Goodchild, Esq., F.G.S., in the Chair.

The following gentleman was elected an Ordinary Fellow of the Society:

Arthur C. Edmunds, Esq.

The following communications were read:

1. "On the Cerebellum of the Squirrel." With Lantern Illustrations. By
0. Charnock Bradley, Esq., M.B.

2. "Exhibition, with Remarks, of rare Cephalopoda from the Mediterranean."

By J. H. AsHWORTH, Esq., D.Sc.

3. "Exhibition of Sediment from the Red Rain, which fell over the "West

of England on February 22nd 1903." By Professor J. Duxstax,

M.R.C.V.S.

Monday, 27th April 1903.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society:

Edward J. Bles, Esq., B.Sc. ; J. Melrose Morrison, Esq.

The following communications were read :

1. "The Scotia Closing Plankton Net." By Wm. S. Bruce, Esq., F.R.S.G.S.

2. " Lantern Demonstration of Pyritised Fossils from the Hunsrlick Slates

(Lower Devonian)." By the Secretary.

3. "Exhibition of Specimens." By R. Stewart MacDougall, Esq., D.Sc.

{a) Potatots showing attack of the new fungus

—

Chrysophlydis

eiulohiotica.

(J) Specimens of several species of young Conifers killed by the

grubs of Melolontha vulgaris; with exhibition of the insect.

SESSION CXXXIII.

Momlay, 2Srd November 1903.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair.

Professor Cossar Ewart, the retiring President, delivered the Opening

Address, entitled, "The Making of the Elephant."

MoTulay, 25th January 1904.—Professor J. Cossar Ewart, M.D., F.R.S.,

President, in the Chair.

The follov^^ing gentlemen were elected Ordinary Fellows of the Society

:

N, Alexander Mackie, Esq ; Edward Battersby Bailey, Esq., B.A.

The following Office-Bearers for the Session were elected:

President—W^i. Evans, F.R.S.E.

Vice-Presidents—^h'T. D. Gibson Carmichael, Bait. ; B. N. Peach, LL.D.,

F.RS. ; R. H. Traqitair, M.D., LL.D., F.R.S.
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Secretary—0. Ciia.enock Bradley, M. B., Ch.B., F.R.S.E.

Assistant-Secretary—Jon's Dunstan, M.R.C.V.S., F.R.S.E.

Treasurer—W. A. Middleton, C.A.

Librarian—T. N Johnston, M. B. , C M.

CoiiTiciUors—J . S. Flett, M.B., D.Sc. ; James Bisset, F L.S., F.G.S.
;

Andrew Gr Stenhouse; W. Eagle Clark e, F.L.S. ; Professor Graham

Kerr, M.A. ; J. H. Ashworth, D.Sc; David Hepburn, M D,,

F.R.S E. ; L. W. Hinxman, B.A. ; Nelson Annandale, B.A. ; C. B.

Crampton, M.B. ; Gerald R. Leighton, M.D. ; Professor J. C. Ewart,

M.D., F.R.S.

The Secretary, Treasurer, and Librarian submitted their Annual Reports.

On the motion of Mr James Bisset, it was decided to add the following

to the Laws of the Society :

—

"The Society shall not make any Dividend, Gift, Division, or Bonus

in money unto or between any of its Members."

The following communications were read :

1. "On Some Results of Crossing Experiments." By Professor J. Cossar

Ewart, F.R.S.

2. "On a Malformed Specimen of the Skate {Ftaia batis)." By R. H.

Traquair, Esq., M.D., F.R.S.

3. " Lantern Demonstration of the Mode of Occurrence of Intrusive Rocks."

By J. G. GooDCHiLD, Esq., F.G.S.

Momlay, 12ncl February 1904.—Wm. Evans, Esq., F.R.S.E., President,

in the Chair.

On the motion of Dr J. H. Ashworth, it was decided:

—

"That, after the conclusion of the present Session, the meetings of

the Society be held on the Fourth Monday of October, November,

January, February, and March, and on the Third Monday of

December."

The following communications were read

:

1. "Photographs from the Malay Peninsula." With Lantern Illustrations.

By Nelson Annandale, Esq., B.A.

2. "Contributions to the Terrestrial Zoology of the Faroes." Part I. By

Messrs Nelson Annandale, G. H. Carpenter, W. Eagle Clarke,

W. E. Collinge, R. Newstead, and R. F. Scharff.

3. ' * On Some Forms of Mus onusculus (Linn. ), with Description of a new Sub-

species from the Fperoe Islands." By W. Eagle Clarke, Esq., F.L.S.
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Monday, 28th March 1904.—Wm. Evans, Esq., F.R.S.E., President,

in the Chair.

The following gentleman was elected an Ordinary Fellow of the Society :

F. Ross Mackenzie, Esq., M.A.

The following communications were read

:

1. " Anabolism and Specialisation." By Cecil B. Cra.mpton, Esq., M.B.,

CM.

2. "The Gluteal and Femoral Muscles, with their Nerve Supply, in a

Ma,rmoset {Ilapale jacchus).'' By E. B. Jamieson, M. B., Ch.B.

Monday, 25th April 1904.—Wm. Evans, Esq., F.R.S.E., President,

in the Chair.

The following gentlemen were elected Ordinary Fellows of the Society:

C. Rattallack, Esq. ; Swale Vincent, Esq., M. B. ; J. KirkeNash, Esq., LD.S.

The following communications were read:

1. "Obituary Notice of the late Dr R. Milne Murray." By David

Waterston, Esq., M.D.

2. "Lantern Exhibition of various Trypanosomes." By Professor John

DuNSTAN, M.R.C.V.S., F.R.S.E.

3. "Some Spring-tails new to the British Fauna." By Messrs George H.

Carpenter, B.Sc, M.R.I. A., and Wm. Evans, F.R.S.E.

4. "Some of the Original Laws of the Royal Physical Society." By

0. Charnock Bradley, Esq., M.B., Ch.B., F.R.S.E.
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*Naturhistorischer Verein der preussischen Rheinlande
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Konigliche-biihrnische Gesellschaft der Wissenschaften.

Societa Adriatica di Scienze Naturali.

"K.k. zoologisch-botanische Gesellschaft.
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Arts.

''"Societe Royale Malacologique de Belgique.

^Societe Beige de Microscopic.
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Stockholm, ,
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St Petersburg,
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*Den Naturhistoriske Forening.

Uuiversitets Bibliothek.

*Kongelige Danske Videnskabernes Selskab.

*Naturhistoriske Forening.

*Kongliga Svenska Veteuskaps-Akademie.

*Kongliga Vetenskaps-Societeten.

*Observatoire Meteorologique.
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^Naturforscher Gesellschaft.

^Natural History Society.

*"Societe Imperiale des Naturalistes.

"Academie Imperiale des Sciences.
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Baltimore, .
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Brookville, Ind.,

Cambridge, Mass
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Chicago,

Cincinnati, .
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New York, .
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Philadelphia,
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San Francisco

St Louis,

Washington,
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Do.

Do.

Do.
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Mexico,
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United States.

*New York State Library.

*Johns-Hopkins University Library.

^American Academy of Arts and Sciences.

^Society of Natural History.

"Brookville Society of Natural History.

* Harvard University Library.

*Museum of Comparative Zoology.

*Academy of Sciences.

^Society of Natural History.

*Connecticut Academy of Arts and Sciences.

Yale College Library.

*New York Academy of Sciences.

*Mechanics Institute.

^Academy of Natural Sciences,

*Wagner Free Institute.

^California Academy of Sciences.

*Academy of Sciences.

^Smithsonian Institute.

Philosophical Society.

^United States National Museum.

*United States Geological Survey.

* United States Commissioner of Fish and Fisheries.

^Academy of Sciences, Arts, and Letters.
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j *Ministerio de Fomento de la Republica, Osservatorio

^ Meteorologico.

*Sociedad Cientifica, "Antonio Alzate," Osservatorio Mete-

orologico Central.

Hamilton,

Kingston,

Canada.

*The Hamilton Association.

*Queen's University.
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Ottawa,
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*E,oyal Society of Canada.
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'Nova Scotia Institute of Natural Science.

Rio de Janeiro,

Brazil.

Museu Nacional.
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AFRICA.

South African Philosophical Society.

Batavia

Calcutta,

Shanghai,

ToKio, Japan,

ASIA.

•'Koninklijke Natuurkundige Vereeniging in Nederlandsch

Indie.

Royal Asiatic Society of Bengal.

'^China Branch of the Asiatic Society,

^Imperial University of Japan.

Adelaide,

Melbourne,

Sydney,

Do.

Do.

Wellington,

AUSTRALASIA.

''Royal Society of South Australia.

Ttoyal Society of Victoria.

*Royal Society of New South Wales.

^The Australian Museum.

'Linnean Society of New South Wales.

'^New Zealand Institute.
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